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1
CONNECTOR ARRANGEMENTS FOR
SHIELDED ELECTRICAL CABLES

TECHNICAL FIELD

The present disclosure relates generally to electrical cables
and connectors.

BACKGROUND

Electrical cables for transmission of electrical signals are
well known. One common type of electrical cable is a coaxial
cable. Coaxial cables generally include an electrically con-
ductive wire surrounded by an insulator. The wire and insu-
lator are surrounded by a shield, and the wire, insulator, and
shield are surrounded by a jacket. Another common type of
electrical cable is a shielded electrical cable comprising one
or more insulated signal conductors surrounded by a shield-
ing layer formed, for example, by a metal foil. To facilitate
electrical connection of the shielding layer, a further un-
insulated conductor is sometimes provided between the
shielding layer and the insulation of the signal conductor or
conductors. Both these common types of electrical cable nor-
mally require the use of specifically designed connectors for
termination and are often not suitable for the use of mass-
termination techniques, i.e., the simultaneous connection of a
plurality of conductors to individual contact elements, such
as, e.g., electrical contacts of an electrical connector or con-
tact elements on a printed circuit board.

SUMMARY

A shielded electrical cable includes a plurality of conduc-
tor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each con-
ductor set including one or more insulated conductors. First
and second shielding films are disposed on opposite sides of
the cable, the first and second films including cover portions
and pinched portions arranged such that, in transverse cross
section, the cover portions of the first and second films in
combination substantially surround each conductor set, and
the pinched portions of the first and second films in combi-
nation form pinched portions of the cable on each side of each
conductor set. A first adhesive layer bonds the first shielding
film to the second shielding film in the pinched portions of the
cable. The plurality of conductor sets comprises a first con-
ductor set that comprises neighboring first and second insu-
lated conductors and has corresponding first cover portions of
the first and second shielding films and corresponding first
pinched portions of the first and second shielding films form-
ing a first pinched region of the cable on one side of the first
conductor set. A maximum separation between the first cover
portions of the first and second shielding films is D. A mini-
mum separation between the first pinched portions of the first
and second shielding films is d;, and d,/D is less than 0.25 or
less than 0.1. A minimum separation between the first cover
portions of the first and second shielding films in a region
between the first and second insulated conductors is d,, and
d,/D is greater than 0.33.

A shielded electrical cable includes a plurality of conduc-
tor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each con-
ductor set including one or more insulated conductors. First
and second shielding films are disposed on opposite sides of
the cable, the first and second films including cover portions
and pinched portions arranged such that, in transverse cross
section, the cover portions of the first and second films in
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combination substantially surround each conductor set, and
the pinched portions of the first and second films in combi-
nation form pinched portions of the cable on each side of each
conductor set. A first adhesive layer bonds the first shielding
film to the second shielding film in the pinched portions of the
cable. The plurality of conductor sets comprises a first con-
ductor set that comprises neighboring first and second insu-
lated conductors and has corresponding first cover portions of
the first and second shielding films and corresponding first
pinched portions of the first and second shielding films form-
ing a first pinched cable portion on one side of the first
conductor set. A maximum separation between the first cover
portions of the first and second shielding films is D. A mini-
mum separation between the first pinched portions of the first
and second shielding films is d;, and d,/D is less than 0.25 or
is less than 0.1. A high frequency electrical isolation of the
first insulated conductor relative to the second insulated con-
ductor is substantially less than a high frequency electrical
isolation of the first conductor set relative to an adjacent
conductor set.

The high frequency isolation of the first insulated conduc-
tor relative to the second conductor is a first far end crosstalk
C1 at a specified frequency range of 3-15 GHz and a length of
1 meter, and the high frequency isolation of the first conductor
set relative to the adjacent conductor set is a second far end
crosstalk C2 at the specified frequency, and wherein C2 is at
least 10 dB lower than C1.

The cover portions of the first and second shielding films in
combination substantially surround each conductor set by
encompassing at least 70% of a periphery of each conductor
set.

A shielded electrical cable includes a plurality of conduc-
tor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each con-
ductor set including one or more insulated conductors. First
and second shielding films including concentric portions,
pinched portions, and transition portions arranged such that,
in transverse cross section, the concentric portions are sub-
stantially concentric with one or more end conductors of each
conductor set, the pinched portions of the first and second
shielding films in combination form pinched portions of the
cable on two sides of the conductor set, and the transition
portions provide gradual transitions between the concentric
portions and the pinched portions. Each shielding film com-
prises a conductive layer and a first one of the transition
portions is proximate a first one of the one or more end
conductors and has a cross-sectional area A, defined as an
area between the conductive layers of the first and second
shielding films, the concentric portions, and a first one of the
pinched portions proximate the first end conductor, wherein
A, islessthan a cross-sectional area of the first end conductor.
Each shielding film is characterizable in transverse cross
section by a radius of curvature that changes across the width
of'the cable, the radius of curvature for each of the shielding
films being at least 100 micrometers across the width of the
cable.

The cross-sectional area A; may have as one boundary a
boundary of the first pinched portion, the boundary defined by
the position along the first pinched portion at which a sepa-
ration d between the first and second shielding films may be
about 1.2 to about 1.5 times a minimum separation d,
between the first and second shielding films at the first
pinched portion.

The cross-sectional area A; may have as one boundary a
line segment having a first endpoint at an inflection point of
the first shielding film. The line segment may have a second
endpoint at an inflection point of the second shielding film.
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A shielded electrical cable includes a plurality of conduc-
tor sets extending along a length of the cable and being spaced
apart from each other along a width of the cable, each con-
ductor set including one or more insulated conductors. First
and second shielding films include concentric portions,
pinched portions, and transition portions arranged such that,
in transverse cross section, the concentric portions are sub-
stantially concentric with one or more end conductors of each
conductor set, the pinched portions of the first and second
shielding films in combination form pinched regions of the
cable on two sides of the conductor set, and the transition
portions provide gradual transitions between the concentric
portions and the pinched portions. One of the two shielding
films includes a first one of the concentric portions, a first one
of the pinched portions, and a first one of the transition por-
tions, the first transition portion connecting the first concen-
tric portion to the first pinched portion. The first concentric
portion has a radius of curvature R, and the transition portion
has a radius of curvature r;, and R, /r, is in a range from 2 to
15.

A characteristic impedance of the cable may remain within
5-10% of a target characteristic impedance over a cable
length of 1 meter.

An electrical ribbon cable includes at least one conductor
set comprising at least two elongated conductors extending
from end-to-end of the cable, wherein each of the conductors
are encompassed along a length of the cable by respective first
dielectrics. A first and second film extend from end-to-end of
the cable and disposed on opposite sides of the cable and,
wherein the conductors are fixably coupled to the first and
second films such that a consistent spacing is maintained
between the first dielectrics of the conductors of each con-
ductor set along the length of the cable. A second dielectric
disposed within the spacing between the first dielectrics of the
wires of each conductor set.

A shielded electrical ribbon cable includes a plurality of
conductor sets extending lengthwise along the cable and
being spaced apart from each other along a width of the cable,
and each conductor set including one or more insulated con-
ductors, the conductor sets including a first conductor set
adjacent a second conductor set. First and second shielding
films disposed on opposite sides of the cable, the first and
second films including cover portions and pinched portions
arranged such that, in transverse cross section, the cover
portions of the first and second films in combination substan-
tially surround each conductor set, and the pinched portions
of the first and second films in combination form pinched
portions of the cable on each side of each conductor set. When
the cable is laid flat, a first insulated conductor of the first
conductor set is nearest the second conductor set, and a sec-
ond insulated conductor of the second conductor set is nearest
the first conductor set, and the first and second insulated
conductors have a center-to-center spacing S. The first insu-
lated conductor has an outer dimension D1 and the second
insulated conductor has an outer dimension D2, and S/Dmin
is in a range from 1.7 to 2, where Dmin is the lesser of D1 and
D2.

Any of the cables above may be used in combination with
a connector assembly, the connector assembly including a
plurality of electrical terminations in electrical contact with
the conductor sets of the cable at a first end of the cable, the
electrical terminations configured to make electrical contact
with corresponding mating electrical terminations of a mat-
ing connector. At least one housing may be configured to
retain the plurality of electrical terminations in a planar,
spaced apart configuration.
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The plurality of electrical terminations may comprise pre-
pared ends of the conductors of the conductor sets.

The combination may include multiple ones of the cable,
wherein the plurality of electrical terminations comprises a
plurality of sets of electrical terminations, each set of electri-
cal terminations in electrical contact with the conductor sets
of'a corresponding cable, and the at least one housing com-
prises a plurality of housings, each housing configured to
retain a set of electrical terminations in the planar, spaced
apart configuration, wherein the plurality of housings are
disposed in a stack to form a two dimensional array of the sets
of electrical terminations.

The combination may include multiple ones of the cable,
wherein the plurality of electrical terminations comprises a
plurality of sets of electrical terminations, each set of electri-
cal terminations in electrical contact with the conductor sets
of'a corresponding cable, and the at least one housing com-
prises one housing configured to retain the plurality of sets of
electrical terminations in a two dimensional array.

Any of the cables described above may be used in combi-
nation with a connector assembly. The connector assembly
can include a first set of electrical terminations in electrical
contact with the conductors sets at a first end of the cable,
second set of electrical terminations in electrical contact with
the conductor sets at a second end of the cable, and at least one
housing. The housing can include a first end configured to
retain the first set of electrical terminations in a planar, spaced
apart configuration and a second end configured to retain the
second set of electrical terminations in a planar, spaced apart
configuration.

The housing may form an angle between the first end and
the second end.

The combination may include multiple ones of the cable,
each cable electrically connected to a corresponding first set
of electrical terminations and a corresponding second set of
electrical terminations. The at least one housing may include
a plurality of housings arranged in a stack that forms a first
two dimensional array that includes the first sets of electrical
terminations and a second two dimensional array that
includes the second sets of electrical terminations.

The combination may include multiple ones of the cable,
each cable electrically connected to a corresponding first set
of electrical terminations and a corresponding second set of
electrical terminations. The housing may include a unitary
housing configured to retain in a first two dimensional array
each of the first sets of electrical terminations at the first end
of'the housing and to retain in a second two dimensional array
each of the second sets of electrical terminations at the second
end of the housing.

A cable such as any of the claims described above may be
used in combination with a substrate having conductive traces
disposed thereon, the conductive traces electrically con-
nected to connection sites, wherein conductor sets of the
cable are electrically connected to the substrate at the con-
nection sites.

The combination may include multiple ones of the cable,
the conductor sets of each cable electrically connected to a
corresponding set of connection sites on the substrate.

The conductor sets can comprise one or more of coaxial
conductor sets and twinaxial conductor sets. The one or more
drain wires may be in electrical contact with the shielding
films, wherein the cable includes fewer drain wires than con-
ductor sets, and wherein the drain wires are in electrical
contact with drain wire connection sites on the substrate.

The cable may include at least one twinaxial conductor set
and an adjacent drain wire, and wherein a center to center
separation between the drain wire and a nearest conductor of
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the conductor set is greater than about 0.5 times a center to
center distance between conductors of the conductor set.

The combination may include second edge connection
sites, wherein the connection sites are first edge connection
sites, and the conductive traces electrically connect the first
edge connection sites with corresponding second edge con-
nection sites and a first set of first edge connection sites and
second edge connection sites are disposed on a first plane of
the substrate and a second set of first edge connection sites
and second edge connections sites are disposed on a second
plane of the substrate.

The shielding films may include slits that allow the shield
to continue past a point of separation of the conductor sets
near the first edge connection sites.

The combination may include second edge connection
sites, wherein the connection sites are first edge connection
sites. The conductive traces can electrically connect first edge
connection sites with corresponding second edge connection
sites. A first set of first edge connection sites, second edge
connection sites, and conductive traces are physically sepa-
rated on the substrate from a second set of first edge connec-
tion sites, second edge connection sits, and conductive traces.

The first set of first edge connection sites, second edge
connection sites, and conductive traces may be transmit sig-
nal connections and the second set of first edge connection
sites, second edge connection sites, and conductive traces
may be receive connections.

A connector assembly includes multiple flat cables
arranged in a stack, each cable including a first end, a second
end, a first side, and a second side, and multiple conductor
sets extending from the first end to the second end, first sets of
electrical terminations, each first set of electrical terminations
in electrical contact with the multiple conductor sets at a first
end of a corresponding cable, and second sets of electrical
terminations, each second set of electrical terminations in
electrical contact with the multiple conductor sets at a second
end of the corresponding cable. The assembly includes one or
more conductive shields disposed between each cable and an
adjacent cable. The assembly includes a connector housing
having a first end and a second end, the housing configured to
retain the first sets of electrical terminations in a first two
dimensional array at the first end of the housing and to retain
the second sets of electrical terminations in a second two
dimensional array at the second end of the housing.

The connector housing may form an angle from the first
end to the second end.

In some cases, a physical length of the cables in the stack
may not vary substantially from cable to cable.

Each cable may be diagonally folded and arranged in the
housing so that portions of the first side of each cable and
portions of the second side of each cable face portions of the
first side of an adjacent cable and portions of the second side
of the adjacent cable.

Each cable may be folded so that the innermost and outer-
most termination positions do not reverse from the first end of
the housing to the second end of the housing.

The combination may include any of the cables described
above.

A connector assembly includes multiple cables arranged
together in a folded stack of the multiple cables, each cable
having one or more conductor sets and a transverse fold
characterized by a radius of curvature, wherein the radius of
curvature of the folds of the cables varies from cable to cable
in the folded stack and an electrical length of the conductor
sets does not vary substantially from cable to cable in the
folded stack, The connector assembly includes first sets of
electrical terminals, each first set of electrical terminals in
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electrical contact with first ends of the conductor sets of a
corresponding cable and second sets of electrical terminals,
each second set of electrical terminals in electrical contact
with second ends of the conductor sets of the corresponding
cable. The connector assembly includes one or more conduc-
tive shields disposed between adjacent cables in the folded
stack and a housing configured to retain the first sets of
electrical terminals in a first two dimensional array at a first
end of the housing and to retain the second sets of electrical
terminals in a second two dimensional array at a second end
of the housing.

The above summary of the present invention is not
intended to describe each disclosed embodiment or every
implementation of the present invention. The FIGS. and
detailed description that follow below more particularly
exemplify illustrative embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an exemplary embodiment
of a shielded electrical cable;

FIGS. 2a-2g are front cross-sectional views of seven exem-
plary embodiments of a shielded electrical cable;

FIG. 3 is a perspective view of two shielded electrical
cables of FIG. 1 terminated to a printed circuit board.

FIGS. 4a-4d are top views of an exemplary termination
process of a shielded electrical cable;

FIG. 5 is a top view of another exemplary embodiment of
a shielded electrical cable;

FIG. 6 is a top view of another exemplary embodiment of
a shielded electrical cable;

FIGS. 7a-7d are front cross-sectional views of four other
exemplary embodiments of a shielded electrical cable;

FIGS. 8a-8¢ are front cross-sectional views of three other
exemplary embodiments of a shielded electrical cable;

FIGS. 9a-9b are top and partially cross-sectional front
views, respectively, of an exemplary embodiment of an elec-
trical assembly terminated to a printed circuit board.

FIGS. 10a-10¢ and 10£-10g are perspective and front cross-
sectional views, respectively, illustrating an exemplary
method of making a shielded electrical cable;

FIGS. 11a-11c are front cross-sectional views illustrating a
detail of an exemplary method of making a shielded electrical
cable;

FIGS. 124-125 are a front cross-sectional view of another
exemplary embodiment of a shielded electrical cable accord-
ing to an aspect of the present invention and a corresponding
detail view, respectively.

FIGS. 13a-13b are front cross-sectional views of two other
exemplary embodiments of a shielded electrical cable
according to an aspect of the present invention.

FIGS. 14a-14b are front cross-sectional views of two other
exemplary embodiments of a shielded electrical cable;

FIGS. 15a-15¢ are front cross-sectional views of three
other exemplary embodiments of a shielded electrical cable;

FIGS. 16a-16g are front cross-sectional detail views illus-
trating seven exemplary embodiments of a parallel portion of
a shielded electrical cable;

FIGS. 17a-17b are front cross-sectional detail views of
another exemplary embodiment of a parallel portion of a
shielded electrical cable;

FIG. 18 is a front cross-sectional detail view of another
exemplary embodiment of a shielded electrical cable in a bent
configuration.

FIG. 19 is a front cross-sectional detail view of another
exemplary embodiment of a shielded electrical cable;
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FIGS. 204-20f are front cross-sectional detail views illus-
trating six other exemplary embodiments of a parallel portion
of a shielded electrical cable;

FIG. 21a-21b are front cross-sectional views of two other
exemplary embodiments of a shielded electrical cable;

FIG. 22 is a graph comparing the electrical isolation per-
formance of an exemplary embodiment of a shielded electri-
cal cable to the electrical isolation performance of a conven-
tional electrical cable.

FIG. 23 is a front cross-sectional view of another exem-
plary embodiment of a shielded electrical cable;

FIG. 24 is a front cross-sectional view of another exem-
plary embodiment of a shielded electrical cable;

FIG. 25 is a front cross-sectional view of another exem-
plary embodiment of a shielded electrical cable;

FIG. 26a-26d are front cross-sectional views of four other
exemplary embodiments of a shielded electrical cable;

FIG. 27 is a front cross-sectional view of another exem-
plary embodiment of a shielded electrical cable;

FIG. 28a-284 are front cross-sectional views of four other
exemplary embodiments of a shielded electrical cable;

FIG. 29a-294 are front cross-sectional views of four other
exemplary embodiments of a shielded electrical cable;

FIG. 30q is a perspective view of a shielded electrical cable
assembly that may utilize high packing density of the con-
ductor sets;

FIGS. 305 and 30c are front cross-sectional views of exem-
plary shielded electrical cables, which figures also depict
parameters useful in characterizing the density of the conduc-
tor sets;

FIG. 30d is a top view of an exemplary shielded electrical
cable assembly in which a shielded cable is attached to a
termination component, and FIG. 30e is a side view thereof;,

FIGS. 30f'and 30g are photographs of a shielded electrical
cable that was fabricated,

FIG. 31a is a front cross-sectional view of an exemplary
shielded electrical cable showing some possible drain wire
positions;

FIGS. 3156 and 31c are detailed front cross-sectional views
of'a portion of a shielded cable, demonstrating one technique
for providing on-demand electrical contact between a drain
wire and shielding film(s) at a localized area;

FIG. 31d is a schematic front cross-sectional view of a
cable showing one procedure for treating the cable at a
selected area to provide on-demand contact;

FIGS. 31e and 31f are top views of a shielded electrical
cable assembly, showing alternative configurations in which
one may choose to provide on-demand contact between drain
wires and shielding film(s);

FIG. 31g is a top view of another shielded electrical cable
assembly, showing another configuration in which one may
choose to provide on-demand contact between drain wires
and shielding film(s);

FIG. 32a is a photograph of a shielded electrical cable that
was fabricated and treated to have on-demand drain wire
contacts, and FIG. 324 is an enlarged detail of a portion of
FIG. 32a,and F1G. 32¢is a schematic representation of a front
elevational view of one end of the cable of FIG. 32q;

FIG. 32d is a top view of a shielded electrical cable assem-
bly that employs multiple drain wires coupled to each other
through a shielding film;

FIG. 32¢ is a top view of another shielded electrical cable
assembly that employs multiple drain wires coupled to each
other through a shielding film, the assembly being arranged in
a fan-out configuration, and FIG. 32fis a cross-sectional view
of the cable at line 265-265 of F1G. 32e¢;
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FIG. 33a is a top view of another shielded electrical cable
assembly that employs multiple drain wires coupled to each
other through a shielding film, the assembly also being
arranged in a fan-out configuration, and FIG. 3354 is a cross-
sectional view of the cable at line 2756-27b of FI1G. 33a;

FIGS. 33c¢-f are schematic front cross-sectional views of
shielded electrical cables having mixed conductor sets;

FIG. 33g is a schematic front cross-sectional view of
another shielded electrical cable having mixed conductor
sets, and FIG. 33/ schematically depicts groups of low speed
insulated conductor sets useable in a mixed conductor set
shielded cable;

FIGS. 34a, 34b, and 34c are schematic top views of
shielded cable assemblies in which a termination component
of the assembly includes one or more conduction path that
re-routes one or more low speed signal lines from one end of
the termination component to the other; and

FIG. 34d is a photograph of a mixed conductor set shielded
cable assembly that was fabricated.

FIG. 35a is a perspective view of an example cable con-
struction;

FIG. 355 is a cross section view of the example cable
construction of FIG. 35a;

FIGS. 35¢-35¢ are a cross section views of example alter-
nate cable constructions;

FIG. 35f1s a cross section of a portion of an example cable
showing dimensions of interest;

FIGS. 35g and 35/ are block diagrams illustrating steps of
an example manufacturing procedure;

FIG. 36a is a graph illustrating results of analysis of
example cable constructions;

FIG. 364 is a cross section showing additional dimensions
of interest relative to the analysis of FIG. 36a;

FIG. 36c¢ is a front cross-sectional view of a portion of
another exemplary shielded electrical cable;

FIG. 36d is a front cross-sectional view of a portion of
another exemplary shielded electrical cable;

FIG. 36e is a front cross-sectional views of other portions
of exemplary shielded electrical cables;

FIG. 36f'is a front cross-sectional view of another exem-
plary shielded electrical cable;

FIGS. 36g-37¢ are front cross-sectional views of further
exemplary shielded electrical cables;

FIGS. 38a-38d are top views that illustrate different pro-
cedures of an exemplary termination process of a shielded
electrical cable to a termination component;

FIGS. 39a-39c are front cross-sectional views of still fur-
ther exemplary shielded electrical cables; and

FIGS. 404-40d illustrate various aspects of connector
assemblies for shielded electrical cables;

FIGS. 40e-40¢ illustrate staggered electrical terminations
used in connection assemblies;

FIGS. 41a-41c¢ depict modular connector assemblies
which are combined to form a two dimensional connector;

FIGS. 42a-42d illustrate various patterns of conductor sets
and ground wires;

FIGS. 42¢-42/ illustrate various shapes and types of con-
ductor sets and ground wires;

FIGS. 43a-43e¢ illustrate some connection patterns
between conductor sets of a cable and a linear array of elec-
trical terminations;

FIGS. 44a-44b illustrate a two dimensional connector
assembly including multiple cables and having a unitary
housing;

FIGS. 454-45b are diagrams of a two ended connector
assembly that has a cable disposed in a housing;
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FIGS. 46a-46c¢ are diagrams of a modular two dimensional
connector assembly;

FIG. 46d depicts a unitary two dimensional connector
assembly;

FIG. 47 illustrates an angled connector;

FIGS. 48a and 48b are cross sectional views of a two
dimensional, right angle connector assembly;

FIGS. 49a and 496 are diagrams of a connector that
includes multiple stacked flat cables;

FIGS. 49¢ and 494 illustrate folded cables that can be used
to form single or two dimensional connectors;

FIG. 50qa is a diagram of a unitary connector assembly
formed using multiple folded flat cables;

FIG. 505 is a diagram of a modular connector assembly
formed using multiple folded flat cables;

FIGS. 50c¢ and 504 illustrate stacks of folded flat cables;

FIGS. 51a-51d illustrate approaches for electrically con-
necting one or more cables to a printed circuit board;

FIGS. 52a-52d illustrate approaches for electrically con-
necting a cable to a printed circuit board through a connector;

FIG. 53 illustrates spacing between a drain wire and a
nearest conductor set of a cable;

FIGS. 54a-54b, 55a-55b, 56a-56b, 57a-57b, 58a-58b,
59a-59b, 60a-605, 61, 62 and 63a-635 illustrate various
approaches for electrically connecting a cable to a paddle
card.

FIG. 64 is a perspective view of as example shielded elec-
trical ribbon cable application;

FIGS. 65 and 66 are side views of bending/folding of an
example cable;

FIG. 67 is a block diagram illustrating an example test
setup for measuring force versus deflection of a cable;

FIGS. 68 and 69 are graphs showing results of example
force-deflection tests for cables;

FIG. 70 is a logarithmic graph summarizing average values
of force-deflection tests for example cables;

FIG. 71 is a graph showing time domain reflectometer
measurements of differential impedance at a bend regions for
a cable according to an example embodiment; and

FIGS. 72-77 are side cross-sectional views of connectors
according to example embodiments.

FIGS. 78 and 79 are insertion loss graphs;

FIG. 80 shows a cable having a helically wrapped shield'

FIG. 81 is a photograph of a cross section of a cable having
two shielding films with pinched portions on either side of the
conductor set;

FIG. 82 is a graph comparing the insertion loss of a cable
having a helically wrapped shield to a cable having a configu-
ration similar to the cable of FIG. 81;

FIG. 83 is a graph of insertion loss for three lengths of a
cable having a configuration similar to the cable of FIG. 81;

FIG. 84 shows a graph having a longitudinally folded
shield.

DETAILED DESCRIPTION

In the following detailed description of the preferred
embodiments, reference is made to the accompanying draw-
ings that form a part hereof. The accompanying drawings
show, by way of illustration, specific embodiments in which
the invention may be practiced. It is to be understood that
other embodiments may be utilized, and structural or logical
changes may be made without departing from the scope of the
present invention. The following detailed description, there-
fore, is not to be taken in a limiting sense, and the scope of the
invention is defined by the appended claims.
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As the number and speed of interconnected devices
increases, electrical cables that carry signals between such
devices need to be smaller and capable of carrying higher
speed signals without unacceptable interference or crosstalk.
Shielding is used in some electrical cables to reduce interac-
tions between signals carried by neighboring conductors.
Many of the cables described herein have a generally flat
configuration, and include conductor sets that extend along a
length of the cable, as well as electrical shielding films dis-
posed on opposite sides of the cable. Pinched portions of the
shielding films between adjacent conductor sets help to elec-
trically isolate the conductor sets from each other. Many of
the cables also include drain wires that electrically connect to
the shields, and extend along the length of the cable. The cable
configurations described herein can help to simplity connec-
tions to the conductor sets and drain wires, reduce the size of
the cable connection sites, and/or provide opportunities for
mass termination of the cable.

FIG. 1 illustrates an exemplary shielded electrical cable 2
that includes a plurality of conductor sets 4 spaced apart from
each other along all or a portion of a width, w, of the cable 2
and extend along a length, L, of the cable 2. The cable 2 may
be arranged generally in a planar configuration as illustrated
in FIG. 1 or may be folded at one or more places along its
length into a folded configuration. In some implementations,
some parts of cable 2 may be arranged in a planar configura-
tion and other parts of the cable may be folded. In some
configurations, at least one of the conductor sets 4 ofthe cable
2 includes two insulated conductors 6 extending along a
length, L, of cable 2. The two insulated conductors 6 of the
conductor sets 4 may be arranged substantially parallel along
all or a portion of the length, L, of the cable 2. Insulated
conductors 6 may include insulated signal wires, insulated
power wires, or insulated ground wires. Two shielding films 8
are disposed on opposite sides of the cable 2.

The first and second shielding films 8 are arranged so that,
in transverse cross section, cable 2 includes cover regions 14
and pinched regions 18. In the cover regions 14 of the cable 2,
cover portions 7 of the first and second shielding films 8 in
transverse cross section substantially surround each conduc-
tor set 4. For example, cover portions of the shielding films
may collectively encompass at least 75%, or at least 80, or at
least 85% or at least 90% of the perimeter of any given
conductor set. Pinched portions 9 of the first and second
shielding films form the pinched regions 18 of cable 2 on each
side of each conductor set 4. In the pinched regions 18 of the
cable 2, one or both of the shielding films 8 are deflected,
bringing the pinched portions 9 of the shielding films 8 into
closer proximity. In some configurations, as illustrated in
FIG. 1, both of the shielding films 8 are deflected in the
pinched regions 18 to bring the pinched portions 9 into closer
proximity. In some configurations, one of the shielding films
may remain relatively flat in the pinched regions 18 when the
cable is in a planar or unfolded configuration, and the other
shielding film on the opposite side of the cable may be
deflected to bring the pinched portions of the shielding film
into closer proximity.

The conductors and/or ground wires may comprise any
suitable conductive material and may have a variety of cross
sectional shapes and sizes. For example, in cross section, the
conductors and/or ground wires may be circular, oval, rect-
angular or any other shape. One or more conductors and/or
ground wires in a cable may have one shape and/or size that
differs from other one or more conductors and/or ground
wires in the cable. The conductors and/or ground wires may
be solid or stranded wires. All of the conductors and/or
ground wires in a cable may be stranded, all may be solid, or
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some may be stranded and some solid. Stranded conductors
and/or ground wires may take on different sizes and/or
shapes. The connectors and/or ground wires may be coated or
plated with various metals and/or metallic materials, includ-
ing gold, silver, tin, and/or other materials.

The material used to insulate the conductors of the conduc-
tor sets may be any suitable material that achieves the desired
electrical properties of the cable. In some cases, the insulation
used may be a foamed insulation which includes air to reduce
the dielectric constant and the overall thickness of the cable.
One or both of the shielding films may include a conductive
layer and a non-conductive polymeric layer. The shielding
films may have a thickness in the range of 0.01 mm to 0.05
mm and the overall thickness of the cable may be less than 2
mm or less than 1 mm.

The conductive layer may include any suitable conductive
material, including but not limited to copper, silver, alumi-
num, gold, and alloys thereof.

The cable 2 may also include an adhesive layer 10 disposed
between shielding films 8 at least between the pinched por-
tions 9. The adhesive layer 10 bonds the pinched portions 9 of
the shielding films 8 to each other in the pinched regions 18 of
the cable 2. The adhesive layer 10 may or may not be present
in the cover region 14 of the cable 2.

In some cases, conductor sets 4 have a substantially curvi-
linearly-shaped envelope or perimeter in transverse cross-
section, and shielding films 8 are disposed around conductor
sets 4 such as to substantially conform to and maintain the
cross-sectional shape along at least part of, and preferably
along substantially all of, the length L of the cable 6. Main-
taining the cross-sectional shape maintains the electrical
characteristics of conductor sets 4 as intended in the design of
conductor sets 4. This is an advantage over some conventional
shielded electrical cables where disposing a conductive shield
around a conductor set changes the cross-sectional shape of
the conductor set.

Although in the embodiment illustrated in FIG. 1, each
conductor set 4 has two insulated conductors 6, in other
embodiments, some or all of the conductor sets may include
only one insulated conductor, or may include more than two
insulated conductors 6. For example, an alternative shielded
electrical cable similar in design to that of FIG. 1 may include
one conductor set that has eight insulated conductors 6, or
eight conductor sets each having only one insulated conduc-
tor 6. This flexibility in arrangements of conductor sets and
insulated conductors allows the disclosed shielded electrical
cables to be configured in ways that are suitable for a wide
variety of intended applications. For example, the conductor
sets and insulated conductors may be configured to form: a
multiple twinaxial cable, i.e., multiple conductor sets each
having two insulated conductors; a multiple coaxial cable,
i.e., multiple conductor sets each having only one insulated
conductor; or combinations thereof. In some embodiments, a
conductor set may further include a conductive shield (not
shown) disposed around the one or more insulated conduc-
tors, and an insulative jacket (not shown) disposed around the
conductive shield.

In the embodiment illustrated in FIG. 1, shielded electrical
cable 2 further includes optional ground conductors 12.
Ground conductors 12 may include ground wires or drain
wires. Ground conductors 12 can be spaced apart from and
extend in substantially the same direction as insulated con-
ductors 6. Shielding films 8 can be disposed around ground
conductors 12. The adhesive layer 10 may bond shielding
films 8 to each other in the pinched portions 9 on both sides of
ground conductors 12. Ground conductors 12 may electri-
cally contact at least one of the shielding films 8.
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The cross-sectional views of FIGS. 2a-2g may represent
various shielded electrical cables, or portions of cables. In
FIG. 24, shielded electrical cable 102a includes a single con-
ductor set 104. Conductor set 104 extends along the length of
the cable and has only a single insulated conductor 106. If
desired, the cable 1024 may be made to include multiple
conductor sets 104 spaced apart from each other across a
width of the cable 102a¢ and extending along a length of the
cable. Two shielding films 108 are disposed on opposite sides
of'the cable. The cable 1024 includes a cover region 114 and
pinched regions 118. In the cover region 114 of the cable
102a, the shielding films 108 include cover portions 107 that
cover the conductor set 104. In transverse cross section, the
cover portions 107, in combination, substantially surround
the conductor set 104. In the pinched regions 118 of the cable
102a, the shielding films 108 include pinched portions 109 on
each side of the conductor set 104.

An optional adhesive layer 110 may be disposed between
shielding films 108. Shielded electrical cable 1024 further
includes optional ground conductors 112. Ground conductors
112 are spaced apart from and extend in substantially the
same direction as insulated conductor 106. Conductor set 104
and ground conductors 112 can be arranged so that they lie
generally in a plane as illustrated in FIG. 2a.

Second cover portions 113 of shielding films 108 are dis-
posed around, and cover, the ground conductors 112. The
adhesive layer 110 may bond the shielding films 108 to each
other on both sides of ground conductors 112. Ground con-
ductors 112 may electrically contact at least one of shielding
films 108. In FIG. 24, insulated conductor 106 and shielding
films 108 are effectively arranged in a coaxial cable configu-
ration. The coaxial cable configuration of FIG. 2a can be used
in a single ended circuit arrangement.

As illustrated in the transverse cross sectional view of FIG.
2a, there is a maximum separation, D, between the cover
portions 107 of the shielding films 108, and there is a mini-
mum separation, d,, between the pinched portions 109 of the
shielding films 108.

FIG. 2a shows the adhesive layer 110 disposed between the
pinched portions 109 of the shielding films 108 in the pinched
regions 118 of the cable 1024 and disposed between the cover
portions 107 of the shielding films 108 and the insulated
conductor 106 in the cover region 114 of the cable 102a. In
this arrangement, the adhesive layer 110 bonds the pinched
portions 109 of the shielding films 108 together in the pinched
regions 118 of the cable, and bonds the cover portions 107 of
the shielding films 108 to the insulated conductor 106 in the
cover region 114 of the cable 102a.

Shielded cable 1025 of FIG. 24 is similar to cable 102a of
FIG. 2a, with similar elements identified by similar reference
numerals, except that in FIG. 25, the optional adhesive layer
11054 is not present between the cover portions 107 of the
shielding films 108 and the insulated conductor 106 in the
cover region 114 of the cable 1025. In this arrangement, the
adhesive layer 11056 bonds the pinched portions 109 of the
shielding films 108 together in the pinched regions 118 of the
cable, but the adhesive layer 1105 does not bond cover por-
tions 107 of the shielding films 108 to the insulated conductor
106 in the cover regions 114 of the cable 1024.

Referring to FIG. 2¢, shielded electrical cable 202¢ is simi-
lar to shielded electrical cable 1024 of FIG. 24, except that
cable 202¢ has a single conductor set 204 which has two
insulated conductors 206. If desired, the cable 202¢ may be
made to include multiple conductor sets 204 spaced part
across a width of the cable 202¢ and extending along a length
of'the cable. Insulated conductors 206 are arranged generally
in a single plane and effectively in a twinaxial configuration.
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The twin axial cable configuration of FIG. 2¢ can be used in
a differential pair circuit arrangement or in a single ended
circuit arrangement.

Two shielding films 208 are disposed on opposite sides of
conductor set 204. The cable 202¢ includes a cover region 214
and pinched regions 218. In the cover region 214 of the cable
202, the shielding films 208 include cover portions 207 that
cover the conductor set 204. In transverse cross section, the
cover portions 207, in combination, substantially surround
the conductor set 204. In the pinched regions 218 of the cable
202, the shielding films 208 include pinched portions 209 on
each side of the conductor set 204.

An optional adhesive layer 210c may be disposed between
shielding films 208. Shielded electrical cable 202¢ further
includes optional ground conductors 212¢ similar to ground
conductors 112 discussed previously. Ground conductors
212c¢ are spaced apart from, and extend in substantially the
same direction as, insulated conductors 206¢. Conductor set
204c¢ and ground conductors 212¢ can be arranged so that they
lie generally in a plane as illustrated in FIG. 2c.

As illustrated in the cross section of FIG. 2¢, there is a
maximum separation, D, between the cover portions 207¢ of
the shielding films 208¢; there is a minimum separation, d,,
between the pinched portions 209¢ of the shielding films
208c¢; and there is a minimum separation, d,, between the
shielding films 208¢ between the insulated conductors 206¢.

FIG. 2¢ shows the adhesive layer 210¢ disposed between
the pinched portions 209 of the shielding films 208 in the
pinched regions 218 of the cable 202 and disposed between
the cover portions 207 of the shielding films 208 and the
insulated conductors 206 in the cover region 214 of the cable
202c. In this arrangement, the adhesive layer 210c¢ bonds the
pinched portions 209 of the shielding films 208 together in the
pinched regions 218 of the cable 202¢, and also bonds the
cover portions 207 of the shielding films 208 to the insulated
conductors 206 in the cover region 214 of the cable 202c.

Shielded cable 2024 of FIG. 2d is similar to cable 202¢ of
FIG. 2¢, with similar elements identified by similar reference
numerals, except that in cable 2024 the optional adhesive
layer 2104 is not present between the cover portions 207 of
the shielding films 208 and the insulated conductors 206 in
the cover region 214 of the cable. In this arrangement, the
adhesive layer 2104 bonds the pinched portions 209 of the
shielding films 208 together in the pinched regions 218 of the
cable, but does not bond the cover portions 207 of the shield-
ing films 208 to the insulated conductors 206 in the cover
region 214 of the cable 2024.

Referring now to FIG. 2e, we see there a transverse cross-
sectional view of a shielded electrical cable 302 similar in
many respects to the shielded electrical cable 1024 of FIG. 2a.
However, where cable 102a includes a single conductor set
104 having only a single insulated conductor 106, cable 302
includes a single conductor set 304 that has two insulated
conductors 306 extending along a length of the cable 302.
Cable 302 may be made to have multiple conductor sets 304
spaced apart from each other across a width of the cable 302
and extending along a length of the cable 302. Insulated
conductors 306 are arranged effectively in a twisted pair cable
arrangement, whereby insulated conductors 306 twist around
each other and extend along a length of the cable 302.

FIG. 2f depicts another shielded electrical cable 402 that is
also similar in many respects to the shielded electrical cable
102a of FIG. 2a. However, where cable 1024 includes a single
conductor set 104 having only a single insulated conductor
106, cable 402 includes a single conductor set 404 that has
four insulated conductors 406 extending along a length of the
cable 402. The cable 402 may be made to have multiple
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conductor sets 404 spaced apart from each other across a
width of the cable 302 and extending along a length of the
cable 302.

Insulated conductors 306 are arranged effectively in a quad
cable arrangement, whereby insulated conductors 306 may or
may not twist around each other as insulated conductors 106/
extend along a length of the cable 302.

Referring back to FIGS. 2a-2f, further embodiments of
shielded electrical cables may include a plurality of spaced
apart conductor sets 104, 204, 304, or 404, or combinations
thereof, arranged generally in a single plane. Optionally, the
shielded electrical cables may include a plurality of ground
conductors 112 spaced apart from, and extending generally in
the same direction as, the insulated conductors of the conduc-
tor sets. In some configurations, the conductor sets and
ground conductors can be arranged generally in a single
plane. FIG. 2g illustrates an exemplary embodiment of such a
shielded electrical cable.

Referring to FI1G. 2g, shielded electrical cable 502 includes
aplurality of spaced apart conductor sets 504a, 5045 arranged
generally in plane. Shielded electrical cable 504 further
includes optional ground conductors 112 disposed between
conductor sets 504a, 5045 and at both sides or edges of
shielded electrical cable 504.

First and second shielding films 508 are disposed on oppo-
site sides of the cable 504 and are arranged so that, in trans-
verse cross section, the cable 504 includes cover regions 524
and pinched regions 528. In the cover regions 524 of the
cable, cover portions 517 of the first and second shielding
films 508 in transverse cross section substantially surround
each conductor set 504a, 5065. For example, the cover por-
tions of the first and second shielding films in combination
substantially surround each conductor set by encompassing at
least 70% of a periphery of each conductor set. Pinched
portions 519 of the first and second shielding films 508 form
the pinched regions 518 on two sides of each conductor set
504a, 5045.

The shielding films 508 are disposed around ground con-
ductors 112. An optional adhesive layer 510 is disposed
between shielding films 208 and bonds the pinched portions
519 of the shielding films 508 to each other in the pinched
regions 528 on both sides of each conductor set 504a, 5045.
Shielded electrical cable 502 includes a combination of
coaxial cable arrangements (conductor sets 504a) and a twi-
naxial cable arrangement (conductor set 5045) and may
therefore be referred to as a hybrid cable arrangement.

FIG. 3 illustrates two shielded electrical cables 2 termi-
nated to a printed circuit board 14. Because insulated conduc-
tors 6 and ground conductors 12 can be arranged generally in
a single plane, shielded electrical cables 2 are well suited for
mass-stripping, i.e., the simultaneous stripping of shielding
films 8 and insulated conductors 6, and mass-termination, i.e.,
the simultaneous terminating of the stripped ends of insulated
conductors 6 and ground conductors 12, which allows a more
automated cable assembly process. In FIG. 3, the stripped
ends of insulated conductors 6 and ground conductors 12 are
terminated to contact elements 16 on printed circuit board 14.
The stripped ends of insulated conductors and ground con-
ductors may be terminated to any suitable individual contact
elements of any suitable termination point, such as, e.g.,
electrical contacts of an electrical connector.

FIGS. 4a-4d illustrate an exemplary termination process of
shielded electrical cable 302 to a printed circuit board or other
termination component 314. This termination process can be
amass-termination process and includes the steps of stripping
(illustrated in FIGS. 4a-4b), aligning (illustrated in FIG. 4¢),
and terminating (illustrated in FIG. 4d). When forming
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shielded electrical cable 302, which may in general take the
form of any of the cables shown and/or described herein, the
arrangement of conductor sets 304, insulated conductors 306,
and ground conductors 312 of shielded electrical cable 302
may be matched to the arrangement of contact elements 316
on printed circuit board 314, which would eliminate any
significant manipulation of the end portions of shielded elec-
trical cable 302 during alignment or termination.

In the step illustrated in FIG. 4a, an end portion 308a of
shielding films 308 is removed. Any suitable method may be
used, such as, e.g., mechanical stripping or laser stripping.
This step exposes an end portion of insulated conductors 306
and ground conductors 312. In one aspect, mass-stripping of
end portion 308a of shielding films 308 is possible because
they form an integrally connected layer that is separate from
the insulation of insulated conductors 306. Removing shield-
ing films 308 from insulated conductors 306 allows protec-
tion against electrical shorting at these locations and also
provides independent movement of the exposed end portions
of insulated conductors 306 and ground conductors 312. In
the step illustrated in FIG. 4b, an end portion 306a of the
insulation of insulated conductors 306 is removed. Any suit-
able method may be used, such as, e.g., mechanical stripping
or laser stripping. This step exposes an end portion of the
conductor of insulated conductors 306. In the step illustrated
in FIG. 4¢, shielded electrical cable 302 is aligned with
printed circuit board 314 such that the end portions of the
conductors of insulated conductors 306 and the end portions
of ground conductors 312 of shielded electrical cable 302 are
aligned with contact elements 316 on printed circuit board
314. In the step illustrated in FIG. 34, the end portions of the
conductors of insulated conductors 306 and the end portions
of ground conductors 312 of shielded electrical cable 302 are
terminated to contact elements 316 on printed circuit board
314. Examples of suitable termination methods that may be
used include soldering, welding, crimping, mechanical
clamping, and adhesively bonding, to name a few.

FIG. 5 illustrates another exemplary embodiment of a
shielded electrical cable according to an aspect of the present
invention. Shielded electrical cable 602 is similar in some
respects to shielded electrical cable 2 illustrated in FIG. 1. In
addition, shielded electrical cable 602 includes a one or more
longitudinal slits or splits 18 disposed between conductor sets
4. The splits 18 separate individual conductor sets at least
along a portion of the length of shielded electrical cable 602,
thereby increasing at least the lateral flexibility of the cable
602. This may allow, for example, the shielded electrical
cable 602 to be placed more easily into a curvilinear outer
jacket. In other embodiments, splits 18 may be placed such as
to separate individual or multiple conductor sets 4 and ground
conductors 12. To maintain the spacing of conductor sets 4
and ground conductors 12, splits 18 may be discontinuous
along the length of shielded electrical cable 602. To maintain
the spacing of conductor sets 4 and ground conductors 12 in
at least one end portion A of shielded electrical cable 602 so
as to maintain mass-termination capability, the splits 18 may
not extend into one or both end portions A of the cable. Splits
18 may be formed in shielded electrical cable 602 using any
suitable method, such as, e.g., laser cutting or punching.
Instead of or in combination with longitudinal splits, other
suitable shapes of openings may be formed in the disclosed
electrical cable 602, such as, e.g., holes, e.g., to increase at
least the lateral flexibility of the cable 602.

FIG. 6 illustrates another exemplary embodiment of a
shielded electrical cable according to an aspect of the present
invention. Shielded electrical cable 702 is similar to shielded
electrical cable 602 illustrated in FIG. 5. Effectively, in
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shielded electrical cable 702, one of conductor sets 4 is
replaced by two ground conductors 12. Shielded electrical
cable 702 includes longitudinal splits 18 and 18'. Split 18
separates individual conductor sets 4 along a portion of the
length of shielded electrical cable 702 and does not extend
into end portions A of shielded electrical cable 702. Split 18'
separates individual conductor sets 4 along the length of
shielded electrical cable 702 and extends into end portions A
of shielded electrical cable 702, which effectively splits
shielded electrical cable 702 into two individual shielded
electrical cables 702', 702". Shielding films 8 and ground
conductors 12 provide an uninterrupted ground plane in each
of the individual shielded electrical cables 702', 702". This
exemplary embodiment illustrates the advantage of the par-
allel processing capability of the shielded electrical cables
according to aspects of the present invention, whereby mul-
tiple shielded electrical cables may be formed simulta-
neously.

The shielding films used in the disclosed shielded cables
can have a variety of configurations and can be made in a
variety of ways. FIGS. 7a-7d illustrate four exemplary
embodiments of a shielded electrical cable according to
aspects of the present invention. FIGS. 7a-7d illustrate vari-
ous examples of constructions of the shielding films of the
shielded electrical cables. In one aspect, at least one of the
shielding films may include a conductive layer and a non-
conductive polymeric layer. The conductive layer may
include any suitable conductive material, including but not
limited to copper, silver, aluminum, gold, and alloys thereof.
The non-conductive polymeric layer may include any suit-
able polymeric material, including but not limited to polyes-
ter, polyimide, polyamide-imide, polytetrafluoroethylene,
polypropylene, polyethylene, polyphenylene sulfide, poly-
ethylene naphthalate, polycarbonate, silicone rubber, ethyl-
ene propylene diene rubber, polyurethane, acrylates, sili-
cones, natural rubber, epoxies, and synthetic rubber adhesive.
The non-conductive polymeric layer may include one or more
additives and/or fillers to provide properties suitable for the
intended application. In another aspect, at least one of the
shielding films may include a laminating adhesive layer dis-
posed between the conductive layer and the non-conductive
polymeric layer. For shielding films that have a conductive
layer disposed on a non-conductive layer, or that otherwise
have one major exterior surface that is electrically conductive
and an opposite major exterior surface that is substantially
non-conductive, the shielding film may be incorporated into
the shielded cable in several different orientations as desired.
In some cases, for example, the conductive surface may face
the conductor sets of insulated wires and ground wires, and in
some cases the non-conductive surface may face those com-
ponents. In cases where two shielding films are used on
opposite sides of the cable, the films may be oriented such that
their conductive surfaces face each other and each face the
conductor sets and ground wires, or they may be oriented
such that their non-conductive surfaces face each other and
each face the conductor sets and ground wires, or they may be
oriented such that the conductive surface of one shielding film
faces the conductor sets and ground wires, while the non-
conductive surface ofthe other shielding film faces conductor
sets and ground wires from the other side of the cable.

In some cases, at least one of the shielding films may
include a stand-alone conductive film, such as a compliant or
flexible metal foil. The construction of the shielding films
may be selected based on a number of design parameters
suitable for the intended application, such as, e.g., flexibility,
electrical performance, and configuration of the shielded
electrical cable (such as, e.g., presence and location of ground
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conductors). In some cases, the shielding films have an inte-
grally formed construction. In some cases, the shielding films
may have athickness in the range 0of 0.01 mm to 0.05 mm. The
shielding films desirably provide isolation, shielding, and
precise spacing between the conductor sets, and allow for a
more automated and lower cost cable manufacturing process.
In addition, the shielding films prevent a phenomenon known
as “signal suck-out” or resonance, whereby high signal
attenuation occurs at a particular frequency range. This phe-
nomenon typically occurs in conventional shielded electrical
cables where a conductive shield is wrapped around a con-
ductor set.

FIG. 7a is a cross sectional view across a width of a
shielded electrical cable 802 that shows a single conductor set
804. Conductor set 804 includes two insulated conductors
806 that extend along a length of the cable 802. Cable 802
may include multiple conductor sets 804 spaced apart from
each other across the width of the cable 802. Two shielding
films 808 are disposed on opposite sides of the cable 802. In
transverse cross section, cover portions 807 of the shielding
films 808, in combination, substantially surround the conduc-
tor set 804 in the cover region 814 of the cable 802. For
example, the cover portions of the first and second shielding
films in combination substantially surround each conductor
set by encompassing at least 70% of a periphery of each
conductor set. Pinched portions 809 of the shielding films 808
form pinched regions 818 of the cable 802 on each side of the
conductor set 804.

Shielding films 808 may include optional adhesive layers
810a, 8105 that bond the pinched portions 809 of the shield-
ing films 808 to each other in the pinched regions 818 of the
cable 802. Adhesive layer 810q is disposed on one of the
non-conductive polymeric layers 8085 and adhesive layer
8105 is disposed on another of the non-conductive polymeric
layers 8085. The adhesive layers 810qa, 8105 may or may not
be present in the cover region 814 of the cable 802. If present,
the adhesive layers 810a, 8105 may extend fully or partially
across the width of the cover portions 807 of the shielding
film 808, bonding the cover portions 807 of the shielding
films 808 to the insulated conductors 806.

In this example, insulated conductors 806 and shielding
films 808 are arranged generally in a single plane and effec-
tively in a twinaxial configuration which may be used in a
single ended circuit arrangement or a differential pair circuit
arrangement. Shielding films 808 include a conductive layer
808a and a non-conductive polymeric layer 8085. Non-con-
ductive polymeric layer 8084 faces insulated conductors 806.
Conductive layer 808a may be deposited onto non-conduc-
tive polymeric layer 8085 using any suitable method.

FIG. 7b is a cross sectional view across a width shielded
electrical cable 902 that shows a single conductor set 904.
Conductor set 904 includes two insulated conductors 906 that
extend along a length of the cable 902. Cable 902 may include
multiple conductor sets 904 spaced apart from each other
along a width of the cable 902 and extending along a length of
the cable 902. Two shielding films 908 are disposed on oppo-
site sides of the cable 902. In transverse cross section, cover
portions 907 of the shielding films 908, in combination, sub-
stantially surround the conductor set 904 in the cover regions
914 of the cable 902. Pinched portions 909 of the shielding
films 908 form pinched regions 918 of the cable 902 on each
side of the conductor set 904.

One or more optional adhesive layers 910a, 9105 bond the
pinched portions 909 of the shielding films 908 to each other
in the pinched regions 918 on both sides of conductor set 904.
The adhesive layers 910a, 9105 may extend fully or partially
across the width of the cover portions 907 of the shielding
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film 908. Insulated conductors 906 are arranged generally in
a single plane and effectively form a twinaxial cable configu-
ration and can be used in a single ended circuit arrangement or
a differential pair circuit arrangement. Shielding films 908
include a conductive layer 9084 and a non-conductive poly-
meric layer 9085. Conductive layer 908a faces insulated con-
ductors 906. Conductive layer 908a may be deposited onto
non-conductive polymeric layer 9085 using any suitable
method.

FIG. 7c is a cross sectional view across a width of a
shielded electrical cable 1002 showing a single conductor set
1004. Conductor set 1004 includes two insulated conductors
1006 that extend along a length of the cable 1002. Cable 1002
may include multiple conductor sets 1004 spaced apart from
each other along a width of the cable 1002 and extending
along a length of the cable 1002. Two shielding films 1008 are
disposed on opposite sides of the cable 1002 and include
cover portions 1007. In transverse cross section, the cover
portions 1007, in combination, substantially surround the
conductor set 1004 in a cover region 1014 of the cable 1002.
Pinched portions 1009 of the shielding films 1008 form
pinched regions 1018 of the cable 1002 on each side of the
conductor set 1004.

Shielding films 1008 include one or more optional adhe-
sive layers 1010a, 10105 that bond the pinched portions 1009
of the shielding films 1008 to each other on both sides of
conductor set 1004 in the pinched regions 1018. The adhesive
layers 1010a, 10105 may extend fully or partially across the
width of the cover portions 1007 of the shielding film 1008.
Insulated conductors 1006 are arranged generally in a single
plane and effectively in a twinaxial cable configuration that
can be used in a single ended circuit arrangement or a difter-
ential pair circuit arrangement. Shielding films 1008 include
a stand-alone conductive film.

FIG. 7d is a cross sectional view of a shielded electrical
cable 1102 that shows a single conductor set 1104. Conductor
set 1104 includes two insulated conductors 1106 with extend
along a length of the cable 1102. Cable 1102 may include
multiple conductor sets 1104 spaced apart from each other
along a width of the cable 1102 and extending along a length
of'the cable 1102. Two shielding films 1108 are disposed on
opposite sides of the cable 1102 and include cover portions
1107. In transverse cross section, the cover portions 1107, in
combination, substantially surround conductor set 1104 in a
cover region 1114 ofthe cable 1102. Pinched portions 1109 of
the shielding films 1108 form pinched regions 1118 of the
cable 1102 on each side of the conductor set 1104.

Shielding films 1108 include one or more optional adhe-
sive layers 1110 that bond the pinched portions 1109 of the
shielding films 1108 to each other in the pinched regions 1118
on both sides of conductor set 1104. The adhesive layer
10104, 10105 may extend fully or partially across the width
of'the cover portions 1107 of the shielding film 1108.

Insulated conductors 1106 are arranged generally in a
single plane and effectively in a twinaxial cable configura-
tion. The twinaxial cable configuration can be used in a single
ended circuit arrangement or a differential circuit arrange-
ment. Shielding films 1108 include a conductive layer 1108a,
a non-conductive polymeric layer 110854, and a laminating
adhesive layer 1108¢ disposed between conductive layer
11084 and non-conductive polymeric layer 11085, thereby
laminating conductive layer 1108a to non-conductive poly-
meric layer 11085. Conductive layer 1108a faces insulated
conductors 1106.

As discussed elsewhere herein, adhesive material may be
used in the cable construction to bond one or two shielding
films to one, some, or all of the conductor sets at cover regions
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of the cable, and/or adhesive material may be used to bond
two shielding films together at pinched regions of the cable. A
layer of adhesive material may be disposed on at least one
shielding film, and in cases where two shielding films are
used on opposite sides of the cable, a layer of adhesive mate-
rial may be disposed on both shielding films. In the latter
cases, the adhesive used on one shielding film is preferably
the same as, but may if desired be different from, the adhesive
used on the other shielding film. A given adhesive layer may
include an electrically insulative adhesive, and may provide
an insulative bond between two shielding films. Furthermore,
a given adhesive layer may provide an insulative bond
between at least one of shielding films and insulated conduc-
tors of one, some, or all of the conductor sets, and between at
least one of shielding films and one, some, or all of the ground
conductors (if any). Alternatively, a given adhesive layer may
include an electrically conductive adhesive, and may provide
a conductive bond between two shielding films. Furthermore,
a given adhesive layer may provide a conductive bond
between at least one of shielding films and one, some, or all of
the ground conductors (if any). Suitable conductive adhesives
include conductive particles to provide the flow of electrical
current. The conductive particles can be any of the types of
particles currently used, such as spheres, flakes, rods, cubes,
amorphous, or other particle shapes. They may be solid or
substantially solid particles such as carbon black, carbon
fibers, nickel spheres, nickel coated copper spheres, metal-
coated oxides, metal-coated polymer fibers, or other similar
conductive particles. These conductive particles can be made
from electrically insulating materials that are plated or coated
with a conductive material such as silver, aluminum, nickel,
orindium tin-oxide. The metal-coated insulating material can
be substantially hollow particles such as hollow glass
spheres, or may comprise solid materials such as glass beads
or metal oxides. The conductive particles may be on the order
of several tens of microns to nanometer sized materials such
as carbon nanotubes. Suitable conductive adhesives may also
include a conductive polymeric matrix.

When used in a given cable construction, an adhesive layer
is preferably substantially conformable in shape relative to
other elements of the cable, and conformable with regard to
bending motions of the cable. In some cases, a given adhesive
layer may be substantially continuous, e.g., extending along
substantially the entire length and width of a given major
surface of a given shielding film. In some cases, the adhesive
layer may include be substantially discontinuous. For
example, the adhesive layer may be present only in some
portions along the length or width of a given shielding film. A
discontinuous adhesive layer may for example include a plu-
rality of longitudinal adhesive stripes that are disposed, e.g.,
between the pinched portions of the shielding films on both
sides of each conductor set and between the shielding films
beside the ground conductors (ifany). A given adhesive mate-
rial may be or include at least one of a pressure sensitive
adhesive, a hot melt adhesive, a thermoset adhesive, and a
curable adhesive. An adhesive layer may be configured to
provide a bond between shielding films that is substantially
stronger than a bond between one or more insulated conduc-
tor and the shielding films. This may be achieved, e.g., by
appropriate selection of the adhesive formulation. An advan-
tage of this adhesive configuration is to allow the shielding
films to be readily strippable from the insulation of insulated
conductors. In other cases, an adhesive layer may be config-
ured to provide a bond between shielding films and a bond
between one or more insulated conductor and the shielding
films that are substantially equally strong. An advantage of
this adhesive configuration is that the insulated conductors
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are anchored between the shielding films. When a shielded
electrical cable having this construction is bent, this allows
for little relative movement and therefore reduces the likeli-
hood of buckling of the shielding films. Suitable bond
strengths may be chosen based on the intended application. In
some cases, a conformable adhesive layer may be used that
has a thickness of less than about 0.13 mm. In exemplary
embodiments, the adhesive layer has a thickness of less than
about 0.05 mm.

A given adhesive layer may conform to achieve desired
mechanical and electrical performance characteristics of the
shielded electrical cable. For example, the adhesive layer may
conform to be thinner between the shielding films in areas
between conductor sets, which increases at least the lateral
flexibility of the shielded cable. This may allow the shielded
cable to be placed more easily into a curvilinear outer jacket.
In some cases, an adhesive layer may conform to be thicker in
areas immediately adjacent the conductor sets and substan-
tially conform to the conductor sets. This may increase the
mechanical strength and enable forming a curvilinear shape
of shielding films in these areas, which may increase the
durability of the shielded cable, for example, during flexing of
the cable. In addition, this may help to maintain the position
and spacing of the insulated conductors relative to the shield-
ing films along the length of the shielded cable, which may
result in more uniform impedance and superior signal integ-
rity of the shielded cable.

A given adhesive layer may conform to effectively be
partially or completely removed between the shielding films
in areas between conductor sets, e.g., in pinched regions of
the cable. As a result, the shielding films may electrically
contact each other in these areas, which may increase the
electrical performance of the cable. In some cases, an adhe-
sive layer may conform to effectively be partially or com-
pletely removed between at least one of the shielding films
and the ground conductors. As a result, the ground conductors
may electrically contact at least one of shielding films in these
areas, which may increase the electrical performance of the
cable. Even in cases where a thin layer of adhesive remains
between at least one of shielding films and a given ground
conductor, asperities on the ground conductor may break
through the thin adhesive layer to establish electrical contact
as intended.

FIGS. 8a-8c are cross sectional views of three exemplary
embodiments of a shielded electrical cable which illustrate
examples of the placement of ground conductors in the
shielded electrical cables. An aspect of a shielded electrical
cable is proper grounding of the shield and such grounding
can be accomplished in a number of ways. In some cases, a
given ground conductor can electrically contact at least one of
the shielding films such that grounding the given ground
conductor also grounds the shielding films. Such a ground
conductor may also be referred to as a “drain wire”. Electrical
contact between the shielding film and the ground conductor
may be characterized by a relatively low DC resistance, e.g.,
a DC resistance of less than 10 ohms, or less than 2 ohms, or
of substantially O ohms. In some cases, a given ground con-
ductor does not electrically contact the shielding films, but
may be an individual element in the cable construction that is
independently terminated to any suitable individual contact
element of any suitable termination component, such as, e.g.,
a conductive path or other contact element on a printed circuit
board, paddle board, or other device. Such a ground conduc-
tor may also be referred to as a “ground wire”. FIG. 8a
illustrates an exemplary shielded electrical cable in which
ground conductors are positioned external to the shielding
films. FIGS. 8b-8¢ illustrate embodiments in which the
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ground conductors are positioned between the shielding
films, and may be included in the conductor set. One or more
ground conductors may be placed in any suitable position
external to the shielding films, between the shielding films, or
a combination of both.

Referring to FIG. 8a, a shielded electrical cable 1202
includes a single conductor set 1204 that extends along a
length of the cable 1202. Conductor set 1204 includes two
insulated conductors 1206, i.e., one pair of insulated conduc-
tors. Cable 1202 may include multiple conductor sets 1204
spaced apart from each other across a width of the cable and
extending along a length of the cable 1202. Two shielding
films 1208 disposed on opposite sides of the cable 1202
include cover portions 1207. In transverse cross section, the
cover portions 1207, in combination, substantially surround
conductor set 1204. An optional adhesive layer 1210 is dis-
posed between pinched portions 1209 of the shielding films
1208 and bonds shielding films 1208 to each other on both
sides of conductor set 1204. Insulated conductors 1206 are
arranged generally in a single plane and effectively in a twi-
naxial cable configuration that can be used in a single ended
circuit arrangement or a differential pair circuit arrangement.
Shielded electrical cable 1202 further includes a plurality of
ground conductors 1212 positioned external to shielding
films 1208. Ground conductors 1212 are placed over, under,
and on both sides of conductor set 1204. Optionally, shielded
electrical cable 1202 includes protective films 1220 surround-
ing shielding films 1208 and ground conductors 1212. Pro-
tective films 1220 include a protective layer 1220a and an
adhesive layer 12205 bonding protective layer 1220a to
shielding films 1208 and ground conductors 1212. Alterna-
tively, shielding films 1208 and ground conductors 1212 may
be surrounded by an outer conductive shield, such as, e.g., a
conductive braid, and an outer insulative jacket (not shown).

Referring to FIG. 8b, shielded electrical cable 1302
includes a single conductor set 1304 that extends along a
length of cable 1302. Conductor set 1304 includes two insu-
lated conductors 1306. Cable 1302 may include multiple
conductor sets 1304 spaced apart from each other across a
width of the cable 1302 and extending along the length of'the
cable 1302. Two shielding films 1308 are disposed on oppo-
site sides of the cable 1302 and include cover portions 1307.
In transverse cross section, cover portions, in combination,
substantially surround conductor set 1304. An optional adhe-
sive layer 1310 is disposed between pinched portions 1309 of
the shielding films 1308 and bonds shielding films 1308 to
each other on both sides of conductor set 1304. Insulated
conductors 1306 are arranged generally in a single plane and
effectively in a twinaxial or differential pair cable arrange-
ment. Shielded electrical cable 1302 further includes a plu-
rality of ground conductors 1312 positioned between shield-
ing films 1308. Two of the ground conductors 1312 are
included in conductor set 1304, and two of the ground con-
ductors 1312 are spaced apart from conductor set 1304.

Referring to FIG. 8¢, shielded electrical cable 1402
includes a single conductor set 1404 that extends along a
length of cable 1402. Conductor set 1404 includes two insu-
lated conductors 1406. Cable 1402 may include multiple
conductor sets 1304 spaced apart from each other across a
width of the cable 1402 and extending along the length of'the
cable 1402. Two shielding films 1408 are disposed on oppo-
site sides of the cable 1402 and include cover portions 1407.
In transverse cross section, the cover portions 1407, in com-
bination, substantially surround conductor set 1404. An
optional adhesive layer 1410 is disposed between pinched
portions 1409 ofthe shielding films 1408 and bonds shielding
films 1408 to each other on both sides of conductor set 1404.

10

15

20

25

30

35

40

45

50

55

60

65

22

Insulated conductors 1406 are arranged generally in a single
plane and effectively in a twinaxial or differential pair cable
arrangement. Shielded electrical cable 1402 further includes
a plurality of ground conductors 1412 positioned between
shielding films 1408. All of the ground conductors 1412 are
included in conductor set 1404. Two of the ground conductors
1412 and insulated conductors 1406 are arranged generally in
a single plane.

FIGS. 9a-95 illustrate an electrical assembly 1500 includ-
ing a cable 1502 terminated to a printed circuit board 1514.
Electrical assembly 1500 includes a shielded electrical cable
1502 and an electrically conductive cable clip 1522. Shielded
electrical cable 1502 includes a plurality of spaced apart
conductor sets 1504 arranged generally in a single plane.
Each conductor set 1504 includes two insulated conductors
1506 that extend along a length of the cable 1502. Two shield-
ing films 1508 are disposed on opposite sides of the cable
1502 and, in transverse cross section, substantially surround
conductor sets 1504. One or more optional adhesive layers
1510 are disposed between shielding films 1508 and bond
shielding films 1508 to each other on both sides of each
conductor set 1504.

Cable clip 1522 is clamped or otherwise attached to an end
portion of shielded electrical cable 1502 such that at least one
of shielding films 1508 electrically contacts cable clip 1522.
Cable clip 1522 is configured for termination to a ground
reference, such as, e.g., contact element 1516 on printed
circuit board 1514, to establish a ground connection between
shielded electrical cable 1502 and the ground reference.
Cable clip may be terminated to the ground reference using
any suitable method, including soldering, welding, crimping,
mechanical clamping, and adhesively bonding, to name a few.
When terminated, cable clip 1522 may facilitate termination
of'the end portions of the conductors of insulated conductors
1506 of shielded electrical cable 1502 to contact elements of
a termination point, such as, e.g., contact elements 1516 on
printed circuit board 1514. Shielded electrical cable 1502
may include one or more ground conductors as described
herein that may electrically contact cable clip 1522 in addi-
tion to or instead of at least one of shielding films 1508.

FIGS. 104-10g illustrate an exemplary method of making a
shielded electrical cable that may be substantially the same as
that shown in FIG. 1.

In the step illustrated in FIG. 104, insulated conductors 6
are formed using any suitable method, such as, e.g., extrusion,
or are otherwise provided. Insulated conductors 6 may be
formed of any suitable length. Insulated conductors 6 may
then be provided as such or cut to a desired length. Ground
conductors 12 (see FIG. 10¢) may be formed and provided in
a similar fashion.

In the step illustrated in FIG. 105, one or more shielding
films 8 are formed. A single layer or multilayer web may be
formed using any suitable method, such as, e.g., continuous
wide web processing. Each shielding film 8 may be formed of
any suitable length. The shielding film 8 may then be pro-
vided as such or cut to a desired length and/or width. The
shielding film 8 may be pre-formed to have transverse partial
folds to increase flexibility in the longitudinal direction. One
or both of the shielding films 8 may include a conformable
adhesive layer 10, which may be formed on the shielding film
8 using any suitable method, such as, e.g., laminating or
sputtering.

In the step illustrated in FIG. 10¢, a plurality of insulated
conductors 6, ground conductors 12, and shielding films 8 are
provided. A forming tool 24 is provided. Forming tool 24
includes a pair of forming rolls 26a, 265 having a shape
corresponding to a desired cross-sectional shape of the
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shielded electrical cable 2, the forming tool also including a
bite 28. Insulated conductors 6, ground conductors 12, and
shielding films 8 are arranged according to the configuration
of'desired shielded electrical cable 2, such as any of the cables
shown and/or described herein, and positioned in proximity
to forming rolls 26a, 265, after which they are concurrently
fed into bite 28 of forming rolls 26a, 265 and disposed
between forming rolls 26a, 265. Forming tool 24 forms
shielding films 8 around conductor sets 4 and ground conduc-
tor 12 and bonds shielding films 8 to each other on both sides
of each conductor set 4 and ground conductors 12. Heat may
be applied to facilitate bonding. Although in this embodi-
ment, forming shielding films 8 around conductor sets 4 and
ground conductor 12 and bonding shielding films 8 to each
other on both sides of each conductor set 4 and ground con-
ductors 12 occur in a single operation, in other embodiments,
these steps may occur in separate operations.

FIG. 104 illustrates shielded electrical cable 2 as it is
formed by forming tool 24. In the optional step illustrated in
FIG. 10e, longitudinal splits 18 are formed between conduc-
tor sets 4. Splits 18 may be formed in shielded electrical cable
2 using any suitable method, such as, e.g., laser cutting or
punching.

In another optional step illustrated in FIG. 10f, shielding
films 8 of shielded electrical cable 2 may be folded lengthwise
along the pinched regions multiple times into a bundle, and an
outer conductive shield 30 may be provided around the folded
bundle using any suitable method. An outer jacket 32 may
also be provided around outer conductive shield 30 using any
suitable method, such as, e.g., extrusion. In some embodi-
ments, the outer conductive shield 30 may be omitted and the
outer jacket 32 may be provided around the folded shielded
cable.

FIGS. 11a-11c illustrate a detail of an exemplary method
of making a shielded electrical cable. FIGS. 11a-11c¢ illus-
trate how one or more adhesive layers may be conformably
shaped during the forming and bonding of the shielding films.

In the step illustrated in FIG. 11a, an insulated conductor
1606, a ground conductor 1612 spaced apart from insulated
conductor 1606, and two shielding films 1608 are provided.
Shielding films 1608 each include a conformable adhesive
layer 1610. In the steps illustrated in FIGS. 115-11c¢, shield-
ing films 1608 are formed around insulated conductor 1606
and ground conductor 1612 and bonded to each other. Ini-
tially, as illustrated in FIG. 115, adhesive layers 1610 still
have their original thickness. As the forming and bonding of
shielding films 1608 proceeds, conformable adhesive layers
1610 conform to achieve desired mechanical and electrical
performance characteristics of shielded electrical cable 1602
(FIG. 11¢).

As illustrated in FIG. 11¢, adhesive layers 1610 conform to
be thinner between shielding films 1608 on both sides of
insulated conductor 1606 and ground conductor 1612; a por-
tion of adhesive layers 1610 displaces away from these areas.
Further, conformable adhesive layers 1610 conform to be
thicker in areas immediately adjacent insulated conductor
1606 and ground conductor 1612, and substantially conform
to insulated conductor 1606 and ground conductor 1612; a
portion of adhesive layers 1610 displaces into these areas.
Further, conformable adhesive layers 1610 conform to effec-
tively be removed between shielding films 1608 and ground
conductor 1612; conformable adhesive layers 1610 displace
away from these areas such that ground conductor 1612 elec-
trically contacts shielding films 1608.

In some approaches, a semi-rigid cable can be formed
using a thicker metal or metallic material as the shielding
film. For example, aluminum or other metal may be used in
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this approach without a polymer backing film. The aluminum
(or other material) is passed through shaping dies to create
corrugations in the aluminum which form cover portions and
pinched portions. The insulated conductors are placed in the
corrugations that form the cover portions. If drain wires are
used, smaller corrugations may be formed for the drain wires.
The insulated conductors and, optionally, drain wires, are
sandwiched in between opposite layers of corrugated alumi-
num. The aluminum layers may be bonded together with
adhesive or welded, for example. Connection between the
upper and lower corrugated aluminum shielding films could
be through the un-insulated drain wires. Alternatively, the
pinched portions of the aluminum could be embossed,
pinched further and/or punched through to provide positive
contact between the corrugated shielding layers.

In exemplary embodiments, the cover regions of the
shielded electrical cable include concentric regions and tran-
sition regions positioned on one or both sides of a given
conductor set. Portions of a given shielding film in the con-
centric regions are referred to as concentric portions of the
shielding film and portions of the shielding film in the tran-
sition regions are referred to as transition portions of the
shielding film. The transition regions can be configured to
provide high manufacturability and strain and stress relief of
the shielded electrical cable. Maintaining the transition
regions at a substantially constant configuration (including
aspects such as, e.g., size, shape, content, and radius of cur-
vature) along the length of the shielded electrical cable may
help the shielded electrical cable to have substantially uni-
form electrical properties, such as, e.g., high frequency iso-
lation, impedance, skew, insertion loss, reflection, mode con-
version, eye opening, and jitter.

Additionally, in certain embodiments, such as, e.g.,
embodiments wherein the conductor set includes two insu-
lated conductors that extend along a length of the cable that
are arranged generally in a single and effectively as a twi-
naxial cable that can be connected in a differential pair circuit
arrangement, maintaining the transition portion at a substan-
tially constant configuration along the length of the shielded
electrical cable can beneficially provide substantially the
same electromagnetic field deviation from an ideal concentric
case for both conductors in the conductor set. Thus, careful
control of the configuration of this transition portion along the
length of the shielded electrical cable can contribute to the
advantageous electrical performance and characteristics of
the cable. FIGS. 12a-145 illustrate various exemplary
embodiments of a shielded electrical cable that include tran-
sition regions of the shielding films disposed on one or both
sides of the conductor set.

The shielded electrical cable 1702, which is shown in cross
section in FIGS. 124 and 125, includes a single conductor set
1704 that extends along a length of the cable 1702. The
shielded electrical cable 1702 may be made to have multiple
conductor sets 1704 spaced apart from each other along a
width of the cable 1702 and extending along a length of the
cable 1702. Although only one insulated conductor 1706 is
shown in FIG. 124, multiple insulated conductors may be
included in the conductor set 1704, if desired.

The insulated conductor of a conductor set that is posi-
tioned nearest to a pinched region of the cable is considered to
be an end conductor of the conductor set. The conductor set
1704, as shown, has a single insulated conductor 1706 and it
is also an end conductor, since it is positioned nearest to the
pinched region 1718 of the shielded electrical cable 1702.

First and second shielding films 1708 are disposed on
opposite sides ofthe cable and include cover portions 1707. In
transverse cross section, the cover portions 1707 substantially



US 9,325,121 B2

25

surround conductor set 1704. An optional adhesive layer
1710 is disposed between the pinched portions 1709 of the
shielding films 1708 and bonds shielding films 1708 to each
other in the pinched regions 1718 of the cable 1702 on both
sides of conductor set 1704. The optional adhesive layer 1710
may extend partially or fully across the cover portion 1707 of
the shielding films 1708, e.g., from the pinched portion 1709
of the shielding film 1708 on one side of the conductor set
1704 to the pinched portion 1709 of the shielding film 1708
on the other side of the conductor set 1704.

Insulated conductor 1706 is effectively arranged as a
coaxial cable which may be used in a single ended circuit
arrangement. Shielding films 1708 may include a conductive
layer 17084 and a non-conductive polymeric layer 17085. In
some embodiments, as illustrated by FIGS. 12a and 125, the
conductive layer 1708a faces the insulated conductors. Alter-
natively, the orientation of the conductive layers of one or
both of shielding films 1708 may be reversed, as discussed
elsewhere herein.

Shielding films 1708 include a concentric portion that is
substantially concentric with the end conductor 1706 of the
conductor set 1704. The shielded electrical cable 1702
includes transition regions 1736. Portions of the shielding
film 1708 in the transition region 1736 of the cable 1702 are
transition portions 1734 of the shielding films 1708. In some
embodiments, shielded electrical cable 1702 includes a tran-
sition regions 1736 positioned on both sides of the conductor
set 1704 and in some embodiments, the transition regions
1736 may be positioned on only one side of conductor set
1704.

Transition regions 1736 are defined by shielding films
1708 and conductor set 1704. The transition portions 1734 of
the shielding films 1708 in the transition regions 1736 provide
a gradual transition between concentric portions 1711 and
pinched portions 1709 of the shielding films 1708. As
opposed to a sharp transition, such as, e.g., a right-angle
transition or a transition point (as opposed to a transition
portion), a gradual or smooth transition, such as, e.g., a sub-
stantially sigmoidal transition, provides strain and stress
relief for shielding films 1708 in transition regions 1736 and
prevents damage to shielding films 1708 when shielded elec-
trical cable 1702 is in use, e.g., when laterally or axially
bending shielded electrical cable 1702. This damage may
include, e.g., fractures in conductive layer 17084 and/or deb-
onding between conductive layer 1708a and non-conductive
polymeric layer 17084. In addition, a gradual transition pre-
vents damage to shielding films 1708 in manufacturing of
shielded electrical cable 1702, which may include, e.g.,
cracking or shearing of conductive layer 17084 and/or non-
conductive polymeric layer 17085. Use of the disclosed tran-
sition regions on one or both sides of one, some or all of the
conductor sets in a shielded electrical ribbon cable represents
a departure from conventional cable configurations, such as,
e.g., an typical coaxial cable, wherein a shield is generally
continuously disposed around a single insulated conductor, or
a typical conventional twinaxial cable, in which a shield is
continuously disposed around a pair of insulated conductors.

According to one aspect of at least some of the disclosed
shielded electrical cables, acceptable electrical properties can
be achieved by reducing the electrical impact of the transition
region, e.g., by reducing the size of the transition region
and/or carefully controlling the configuration of the transition
region along the length of the shielded electrical cable.
Reducing the size of the transition region reduces the capaci-
tance deviation and reduces the required space between mul-
tiple conductor sets, thereby reducing the conductor set pitch
and/or increasing the electrical isolation between conductor
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sets. Careful control of the configuration of the transition
region along the length of the shielded electrical cable con-
tributes to obtaining predictable electrical behavior and con-
sistency, which provides for high speed transmission lines so
that electrical data can be more reliably transmitted. Careful
control of the configuration of the transition region along the
length of the shielded electrical cable is a factor as the size of
the transition portion approaches a lower size limit.

An electrical characteristic that is often considered is the
characteristic impedance of the transmission line. Any
impedance changes along the length of a transmission line
may cause power to be reflected back to the source instead of
being transmitted to the target. Ideally, the transmission line
will have no impedance variation along its length, but,
depending on the intended application, variations up to
5-10% may be acceptable. Another electrical characteristic
that is often considered in twinaxial cables (differentially
driven) is skew or unequal transmission speeds of two trans-
mission lines of a pair along at least a portion of their length.
Skew produces conversion of the differential signal to a com-
mon mode signal that can be reflected back to the source,
reduces the transmitted signal strength, creates electromag-
netic radiation, and can dramatically increase the bit error
rate, in particular jitter. Ideally, a pair of transmission lines
will have no skew, but, depending on the intended application,
adifferential S-parameter SCD21 or SCD12 value (represent-
ing the differential-to common mode conversion from one
end of the transmission line to the other) of less than -25 to
-30dB up to a frequency of interest, such as, e.g., 6 GHz, may
be acceptable. Alternatively, skew can be measured in the
time domain and compared to a required specification.
Shielded electrical cables described herein may achieve skew
values of less than about 20 picoseconds/meter (psec/m) or
less than about 10 psec/m at data transfer speeds up to about
10 Gbps, for example.

Referring again to FIGS. 124-12b, in part to help achieve
acceptable electrical properties, transition regions 1736 of
shielded electrical cable 1702 may each include a cross-
sectional transition area 1764a. The transition area 1764a is
smaller than a cross-sectional area 17064 of conductor 1706.
As best shown in FIG. 1254, cross-sectional transition area
17364 of transition region 1736 is defined by transition points
1734' and 1734".

The transition points 1734' occur where the shielding films
deviate from being substantially concentric with the end insu-
lated conductor 1706 of the conductor set 1704. The transi-
tion points 1734' are the points of inflection of the shielding
films 1708 at which the curvature of the shielding films 1708
changes sign. For example, with reference to FIG. 125, the
curvature of the upper shielding film 1708 transitions from
concave downward to concave upward at the inflection point
which is the upper transition point 1734'. The curvature of the
lower shielding film 1708 transitions from concave upward to
concave downward at the lower inflection point which is the
transition point 1734'. The other transition points 1734" occur
where a separation between the pinched portions 1709 of the
shielding films 1708 exceeds the minimum separation, d,, of
the pinched portions 1709, by a predetermined factor, e.g.,
about 1.2 to about 1.5. In addition, each transition area 1736a
may include a void area 17365b. Void areas 17365 on either
side of the conductor set 1704 may be substantially the same.
Further, adhesive layer 1710 may have a thickness T, at the
concentric portion 1711 of the shielding film 1708, and a
thickness at the transition portion 1734 of the shielding film
1708 that is greater than thickness T,.. Similarly, adhesive
layer 1710 may have a thickness T, between the pinched
portions 1709 of the shielding films 1708, and a thickness at
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the transition portion 1734 of the shielding film 1708 that is
greater than thickness T,,. Adhesive layer 1710 may repre-
sent at least 25% of cross-sectional transition area 1736a. The
presence of adhesive layer 1710 in transition area 17364, in
particular at a thickness that is greater than thickness T, or
thickness T, ,, contributes to the strength of the cable 1702 in
the transition region 1736.

Careful control of the manufacturing process and the mate-
rial characteristics of the various elements of shielded elec-
trical cable 1702 may reduce variations in void area 17365
and the thickness of conformable adhesive layer 1710 in
transition region 1736, which may in turn reduce variations in
the capacitance of cross-sectional transition area 1736a.
Shielded electrical cable 1702 may include transition region
1736 positioned on one or both sides of conductor set 1704
that includes a cross-sectional transition area 17364 that is
substantially equal to or smaller than a cross-sectional area
17064 of conductor 1706. Shielded electrical cable 1702 may
include a transition region 1736 positioned on one or both
sides of conductor set 1704 that includes a cross-sectional
transition area 1736a that is substantially the same along the
length of conductor 1706. For example, cross-sectional tran-
sition area 17364 may vary less than 50% over a length of 1
meter. Shielded electrical cable 1702 may include transition
regions 1736 positioned on both sides of conductor set 1704
that each include a cross-sectional transition area, wherein the
sum of cross-sectional areas 1734a is substantially the same
along the length of conductor 1706. For example, the sum of
cross-sectional areas 1734a may vary less than 50% over a
length of 1 meter. Shielded electrical cable 1702 may include
transition regions 1736 positioned on both sides of conductor
set 1704 that each include a cross-sectional transition area
17364, wherein the cross-sectional transition areas 1736a are
substantially the same. Shielded electrical cable 1702 may
include transition regions 1736 positioned on both sides of
conductor set 1704, wherein the transition regions 1736 are
substantially identical. Insulated conductor 1706 has an insu-
lation thickness T, and transition region 1736 may have a
lateral length L, that is less than insulation thickness T,. The
central conductor of insulated conductor 1706 has a diameter
D_, and transition region 1736 may have a lateral length L,
that is less than the diameter D_. The various configurations
described above may provide a characteristic impedance that
remains within a desired range, such as, e.g., within 5-10% of
atarget impedance value, such as, e.g., 50 Ohms, over a given
length, such as, e.g., 1 meter.

Factors that can influence the configuration of transition
region 1736 along the length of shielded electrical cable 1702
include the manufacturing process, the thickness of conduc-
tive layers 1708a and non-conductive polymeric layers
17085, adhesive layer 1710, and the bond strength between
insulated conductor 1706 and shielding films 1708, to name a
few.

In one aspect, conductor set 1704, shielding films 1708,
and transition region 1736 are cooperatively configured in an
impedance controlling relationship. An impedance control-
ling relationship means that conductor set 1704, shielding
films 1708, and transition region 1736 are cooperatively con-
figured to control the characteristic impedance of the shielded
electrical cable.

FIGS. 134-135 illustrate, in transverse cross section, two
exemplary embodiments of a shielded electrical cable which
has two insulated conductors in a conductor set. Referring to
FIG. 13a, shielded electrical cable 1802 includes a single
conductor set 1804 including two individually insulated con-
ductors 1806 extending along a length of the cable 1802. Two
shielding films 1808 are disposed on opposite sides of the
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cable 1802 and in combination substantially surround con-
ductor set 1804. An optional adhesive layer 1810 is disposed
between pinched portions 1809 of the shielding films 1808
and bonds shielding films 1808 to each other on both sides of
conductor set 1804 in the pinched regions 1818 of the cable
1802. Insulated conductors 1806 can be arranged generally in
a single plane and effectively in a twinaxial cable configura-
tion. The twinaxial cable configuration can be used in a dif-
ferential pair circuit arrangement or in a single ended circuit
arrangement. Shielding films 1808 may include a conductive
layer 1808a and a non-conductive polymeric layer 18085 or
may include the conductive layer 1808a without the non-
conductive polymeric layer 18085. FIG. 13a shows conduc-
tive layer 1808a facing insulated conductors 1806, but in
alternative embodiments, one or both of the shielding films
may have a reversed orientation.

The cover portion 1807 of at least one of the shielding films
1808 includes concentric portions 1811 that are substantially
concentric with corresponding end conductors 1806 of the
conductor set 1804. In the transition region 1836 of the cable
1802, transition portion 1834 of the shielding films 1808 are
between the concentric portions 1811 and the pinched por-
tions 1809 of the shielding films 1808. Transition portions
1836 are positioned on both sides of conductor set 1804 and
each such portion includes a cross-sectional transition area
18364a. The sum of cross-sectional transition areas 18364 is
preferably substantially the same along the length of conduc-
tors 1806. For example, the sum of cross-sectional areas
18344 may vary less than 50% over a length of 1 meter.

In addition, the two cross-sectional transition areas 1834a
may be substantially the same and/or substantially identical.
This configuration of transition regions contributes to a char-
acteristic impedance for each conductor 1806 (single-ended)
and a differential impedance that both remain within a desired
range, such as, e.g., within 5-10% of a target impedance value
over a given length, such as, e.g., 1 meter. In addition, this
configuration of transition region 1836 may minimize skew
of the two conductors 1806 along at least a portion of their
length.

When the cable is in an unfolded, planar configuration,
each of the shielding films may be characterizable in trans-
verse cross section by a radius of curvature that changes
across a width of the cable 1802. The maximum radius of
curvature of the shielding film 1808 may occur, for example,
at the pinched portion 1809 of the cable 1802 or near the
center point of the cover portion 1807 of the multi-conductor
cable set 1804 illustrated in FIG. 13a. At these positions, the
film may be substantially flat and the radius of curvature may
be substantially infinite. The minimum radius of curvature of
the shielding film 1808 may occur, for example, at the tran-
sition portion 1834 of the shielding film 1808. In some
embodiments, the radius of curvature of the shielding film
across the width of the cable is at least about 50 micrometers,
i.e., the radius of curvature does not have a magnitude smaller
than 50 micrometers at any point along the width of the cable,
between the edges of the cable. In some embodiments, for
shielding films that include a transition portion, the radius of
curvature of the transition portion of the shielding film is
similarly at least about 50 micrometers.

In an unfolded, planar configuration, shielding films 1808
that include a concentric portion and a transition portion are
characterizable by a radius of curvature of the concentric
portion, R, and/or a radius of curvature of the transition
portion r;, which are illustrated in FIG. 134. In some embodi-
ments, R,/r, is in a range of 2 to 15.

Referring to FIG. 135, shielded electrical cable 1902 is
similar in some aspects to shielded electrical cable 1802.



US 9,325,121 B2

29
Whereas shielded electrical cable 1802 has individually insu-
lated conductors 1806, shielded electrical cable 1902 has
jointly insulated conductors 1906. Nonetheless, transition
regions 1936 are substantially similar to transition regions
1836 and provide the same benefits to shielded electrical
cable 1902.

FIGS. 144-14b illustrate variations in position and con-
figuration of the transition portions. In these exemplary
embodiments, the shielding films 2008, 2108 have an asym-
metric configuration which changes the position of the tran-
sition portions relative to more symmetric embodiment such
that of FIG. 13a. Shielded electrical cables 2002 (FIG. 14a)
and 2102 (FIG. 14b) have pinched portions 2009 of shielding
films 2008, 2108 lic in a plane that is offset from the plane of
symmetry of the insulated conductors 2006, 2106.

As aresult, the transition regions 2036, 2136 have a some-
what offset position and configuration relative to other
depicted embodiments. However, by ensuring that the transi-
tion regions 2036, 2136 are positioned substantially sym-
metrically with respect to corresponding insulated conduc-
tors 2006, 2106 (e.g., with respect to a vertical plane between
the conductors 2006, 2106), and that the configuration of
transition regions 2036, 2136 is carefully controlled along the
length of shielded electrical cables 2002, 2102, shielded elec-
trical cables 2002, 2102 can be configured to still provide
acceptable electrical properties.

FIGS. 15a-15¢, 18 and 19 illustrate additional exemplary
embodiments of shielded electrical cables. FIGS. 16a-16g,
17a-17b and 20a-20f illustrate several exemplary embodi-
ments of a pinched portion of a shielded electrical cable.
FIGS. 15a-20f1llustrate examples of a pinched portion that is
configured to electrically isolate a conductor set of the
shielded electrical cable. The conductor set may be electri-
cally isolated from an adjacent conductor set (e.g., to mini-
mize crosstalk between adjacent conductor sets, FIGS. 15q-
15¢ and 16a-16g) or from the external environment of the
shielded electrical cable (e.g., to minimize electromagnetic
radiation escape from the shielded electrical cable and mini-
mize electromagnetic interference from external sources,
FIGS. 19 and 20a-20f). In both cases, the pinched portion
may include various mechanical structures to change the
electrical isolation. Examples include close proximity of the
shielding films, high dielectric constant material between the
shielding films, ground conductors that make direct or indi-
rect electrical contact with at least one of the shielding films,
extended distance between adjacent conductor sets, physical
breaks between adjacent conductor sets, intermittent contact
of the shielding films to each other directly either longitudi-
nally, transversely, or both, and conductive adhesive, to name
a few. In one aspect, a pinched portion of the shielding films
is defined as a portion of the shielding films that is not cov-
ering a conductor set.

FIG. 15a shows, in cross section, a shielded electrical cable
2202 that includes two conductor sets 2204a, 22045 spaced
apart across a width of the cable 2202 and extending longi-
tudinally along a length of the cable 2202. Each conductor set
2204a, 22045 includes two insulated conductors 2206a,
22065. Two shielding films 2208 are disposed on opposite
sides of the cable 2202. In transverse cross section, cover
portions 2207 of the shielding films 2208 substantially sur-
round conductor sets 2204a, 22045 in cover regions 2214 of
the cable 2202. For example, the cover portions 2207 of the
shielding films 2208 in combination substantially surround
each conductor set 2204a, 22045 by encompassing at least
70% of a periphery of each conductor set 2204a, 22045. In
pinched regions 2218 of the cable 2202, on both sides of the
conductor sets 2204a, 2204b, the shielding films 2208
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include pinched portions 2209. In shielded electrical cable
2202, the pinched portions 2209 of shielding films 2208 and
insulated conductors 2206 are arranged generally in a single
plane when the cable 2202 is in a planar and/or unfolded
arrangement. Pinched portions 2209 positioned in between
conductor sets 2204a, 22045 are configured to electrically
isolate conductor sets 2204a, 22045 from each other.

When arranged in a generally planar, unfolded arrange-
ment, as illustrated in FIG. 15a, the high frequency electrical
isolation of the first insulated conductor 22064 in the conduc-
tor set 2204 relative to the second insulated conductor 22065
in the conductor set 2204 is substantially less than the high
frequency electrical isolation of the first conductor set 2204a
relative to the second conductor set 22045. For example, the
high frequency isolation of the first insulated conductor rela-
tive to the second conductor is a first far end crosstalk C1 ata
specified frequency of 3-15 GHz and a length of 1 meter, and
the high frequency isolation of the first conductor set relative
to the adjacent conductor set is a second far end crosstalk C2
at the specified frequency, and wherein C2 is at least 10 dB
lower than C1.

As illustrated in the cross section of FIG. 154, the cable
2202 can be characterized by a maximum separation, D,
between the cover portions 2207 of the shielding films 2208,
a minimum separation, d,, between the cover portions 2207
of the shielding films 2208, and a minimum separation, d,,
between the pinched portions 2209 of the shielding films
2208. In some embodiments, d,/D is less than 0.25 or less
than 0.1. In some embodiments, d,/D is greater than 0.33.

An optional adhesive layer 2210 may be included as shown
between the pinched portions 2209 of the shielding films
2208. Adhesive layer 2210 may be continuous or discontinu-
ous. In some embodiments, the adhesive layer extends fully
or partially in the cover region 2214 of the cable 2202, e.g.,
between the cover portion 2207 of the shielding films 2208
and the insulated conductors 2206a, 22065. The adhesive
layer 2210 may be disposed on the cover portion 2207 of the
shielding film 2208 and may extend fully or partially from the
pinched portion 2209 of the shielding film 2208 on one side of
a conductor set 22044, 22045 to the pinched portion 2209 of
the shielding film 2208 on the other side of the conductor set
2204a, 22045b.

The shielding films 2208 can be characterized by a radius
of curvature, R, across a width of the cable 2202 and/or by a
radius of curvature, r,, of the transition portion 2212 of the
shielding film and/or by a radius of curvature, r,, of the
concentric portion 2211 of the shielding film.

Inthe transition region 2236, the transition portion 2212 of
the shielding film 2208 can be arranged to provide a gradual
transition between the concentric portion 2211 of the shield-
ing film 2208 and the pinched portion 2209 of the shielding
film 2208. The transition portion 2212 of the shielding film
2208 extends from a first transition point 2221, which is the
inflection point of the shielding film 2208 and marks the end
of the concentric portion 2211, to a second transition point
2222 where the separation between the shielding films
exceeds the minimum separation, d,, of the pinched portions
2209 by a predetermined factor.

In some embodiments, the cable 2202 includes at least one
shielding film that has a radius of curvature, R, across the
width of the cable that is at least about 50 micrometers and/or
the minimum radius of curvature, r,, of the transition portion
2212 of the shielding film 2202 is at least about S0 microme-
ters. In some embodiments, the ratio of the minimum radius
of curvature of the concentric portion to the minimum radius
of curvature of the transition portion, r,/r, is in a range of 2 to
15.
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FIG. 1554 is a cross sectional view of a shielded electrical
cable 2302 that includes two conductor sets 2204 spaced apart
from each other across a width of the cable 2302 and extend-
ing longitudinally along a length of the cable 2302. Each
conductor set 2304 includes one insulated conductor 2306,
and two shielding films 2308 disposed on opposite sides of
the cable 2302. In transverse cross section, the cover portions
2307 of the shielding films 2308 in combination substantially
surround the insulated conductor 2306 of conductor sets 2304
in a cover region 2314 of the cable 2302. In pinched regions
2318 of the cable 2302, on both sides of the conductor sets
2304, the shielding films 2308 include pinched portions 2309.
In shielded electrical cable 2302, pinched portions 2309 of
shielding films 2308 and insulated conductors 2306 can be
arranged generally in a single plane when the cable 2302 is in
a planar and/or unfolded arrangement. The cover portions
2307 of the shielding films 2308 and/or the pinched portions
2309 of the cable 2302 are configured to electrically isolate
the conductor sets 2304 from each other.

As illustrated in the cross section of FIG. 155, the cable
2302 can be characterized by a maximum separation, D,
between the cover portions 2307 of the shielding films 2308
and a minimum separation, d,, between the pinched portions
2309 of the shielding films 2308. In some embodiments, d,/D
is less than 0.25, or less than 0.1.

An optional adhesive layer 2310 may be included between
the pinched portions 2309 of the shielding films 2308. Adhe-
sive layer 2310 may be continuous or discontinuous. In some
embodiments, the adhesive layer 2310 extends fully or par-
tially in the cover region 2314 of the cable, e.g., between the
cover portion 2307 of the shielding films 2308 and the insu-
lated conductors 2306. The adhesive layer 2310 may be dis-
posed on the cover portions 2307 of the shielding films 2308
and may extend fully or partially from the pinched portions
2309 of the shielding films 2308 on one side of a conductor set
2304 to the pinched portions 2309 of'the shielding films 2308
on the other side of the conductor set 2304.

The shielding films 2308 can be characterized by a radius
of curvature, R, across a width of the cable 2302 and/or by a
minimum radius of curvature, r,, in the transition portion
2312 of the shielding film 2308 and/or by a minimum radius
of curvature, r,, of the concentric portion 2311 of the shield-
ing film 2308. In the transition regions 2236 of the cable 2302,
transition portions 2312 of the shielding films 2302 can be
configured to provide a gradual transition between the con-
centric portions 2311 of the shielding films 2308 and the
pinched portions 2309 of the shielding films 2308. The tran-
sition portion 2312 of the shielding film 2308 extends from a
first transition point 2321, which is the inflection point of the
shielding film 2308 and marks the end of the concentric
portion 2311, to a second transition point 2322 where the
separation between the shielding films equals the minimum
separation, d,, of the pinched portions 2309 or exceeds d, by
a predetermined factor.

In some embodiments, the radius of curvature, R, of the
shielding film across the width of the cable is at least about 50
micrometers and/or the minimum radius of curvature in the
transition portion of the shielding film is at least 50 microme-
ters.

FIG. 15¢ shows, in cross section, a shielded electrical cable
2402 that includes two conductor sets 2404a, 24045 spaced
apart from each other across a width of the cable 2402 and
extending longitudinally along a length of the cable 2402.
Each conductor set 2404a, 24045 includes two insulated con-
ductors 22064, 22065. Two shielding films 2408a, 24085 are
disposed on opposite sides of the cable 2402. In transverse
cross section, cover portions 2407 of the shielding films
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2408a, 24085b, in combination, substantially surround con-
ductor sets 2404a, 24045 in a cover region 2414 of the cable
2402. In pinched regions 2418 of the cable 2402 on both sides
of the conductor sets 2404a, 24045, the upper and lower
shielding films 2408a, 24085 include pinched portions 2409.

In shielded electrical cable 2402, pinched portions 2409 of
shielding films 2408 and insulated conductors 24064, 24065
are arranged generally in different planes when the cable
2402 is in a planar and/or unfolded arrangement. One of the
shielding films 24085 is substantially flat. The portion of the
substantially flat shielding film 24085 in the pinched region
2418 of the cable 2402 is referred to herein as a pinched
portion 2409, even though there is little or no out of plane
deviation of the shielding film 24085 in the pinched region
2418. When the cable 2402 is in a planar or unfolded con-
figuration, the concentric 2411, transition 2412, and pinched
2407 portions of shielding film 24085 are substantially copla-
nar.

The cover portions 2407 and/or the pinched portions 2409
of the cable 2402 between conductor sets 2404a, 24045 are
configured to electrically isolate the conductor sets 2404a,
24045 from each other. When arranged in a generally planar,
unfolded arrangement, as illustrated in FIG. 15¢, the high
frequency electrical isolation of the first insulated conductor
2406a in the first conductor set 2404a relative to the second
insulated conductor 24065 in the first conductor set 2404a is
substantially less than the high frequency electrical isolation
of either conductor 2406a, 24065 of the first conductor set
2404a relative to either conductor 2406a, 24065 of the second
conductor set 24045, as previously discussed.

As illustrated in the cross section of FIG. 15¢, the cable
2402 can be characterized by a maximum separation, D,
between the cover portions 2407 of the shielding films 2408a,
24085, a minimum separation, d,, between the cover portions
2407 of the shielding films 24084, 24085, and a minimum
separation, d,, between the pinched portions 2409 of the
shielding films 24084, 24085. In some embodiments, d,/D is
less than 0.25, or less than 0.1. In some embodiments, d,/D is
greater than 0.33.

An optional adhesive layer 2410 may be disposed between
the pinched portions 2409 of the shielding films 2408a,
2408b. Adhesive layer 2410 may be continuous or discon-
tinuous. In some embodiments, the adhesive layer 2410
extends fully or partially in the cover region 2414 of the cable
2402, e.g., between the cover portions 2407 of one or more of
the shielding films 2408a, 24085 and the insulated conductors
24064, 24065. The adhesive layer 2410 may be disposed on
the cover portion 2407 of one or more shielding films 2408a,
24085 and may extend fully or partially from the pinched
portion 2409 of the shielding films 2408a, 24085 on one side
of'a conductor set 2404a, 24045 to the pinched portions 2409
of the shielding films 2408a, 24085 on the other side of the
conductor set 2404a, 24045.

The transition portions 2412 of the curved shielding film
2408a provide a gradual transition between the concentric
portions 2411 of the shielding film 24084 and the pinched
portions 2409 of the shielding film 2408a. The transition
portions 2412 of the shielding film 2408a extends from a first
transition point 2421a, which is the inflection point of the
shielding film 2408a to a second transition point 24224 where
the separation between the shielding films is equal to the
minimum separation, d,, of the pinched portions 2409, or
exceeds d; by a predetermined factor. The transition portion
of the substantially flat shielding film 28085 extends from a
first transition point 24215 to a second transition point 24225
where the separation between the shielding films is equal to
the minimum separation, d,, of the pinched portions 2409, or



US 9,325,121 B2

33

exceeds d, by a predetermined factor. The first transition
point 24215 is defined by a line perpendicular to the substan-
tially flat shielding film 24085 which intersects the first tran-
sition point 24214 of the shielding film 2408a.

Curved shielding film 2408a can be characterized by a
radius of curvature, R, across a width of the cable 2402 and/or
by a minimum radius of curvature, r;, of the transition por-
tions 2412 of the shielding film 24084 and/or by a minimum
radius of curvature, r,, of the concentric portions 2411 of the
shielding film. In some embodiments, the cable 2402 includes
at least one shielding film 2408 that has a radius of curvature
across the width of the cable that is at least about 50 microme-
ters and/or a minimum radius of curvature, r,, of the transition
portion of the shielding film that is at least about 50 microme-
ters. In some embodiments, the ratio r,/r; of the minimum
radius of curvature, r,, of the concentric portion of the shield-
ing film to the minimum radius of curvature, r,, of the tran-
sition portion of the shielding film is in a range of 2 to 15.

In FIG. 16a, shielded electrical cable 2502 includes a
pinched region 2518 wherein shielding films 2508 are spaced
apart by a distance. Spacing apart shielding films 2508, i.e.,
not having shielding films 2508 make direct electrical contact
continuously along their seam, increases the strength of
pinched region 2518. Shielded electrical cables having rela-
tively thin and fragile shielding films may fracture or crack
during manufacturing if forced to make direct electrical con-
tact continuously along their seam. Spacing apart shielding
films 2508 may permit crosstalk between adjacent conductor
sets if effective means are not used to reduce the crosstalk
potential. Reducing crosstalk involves containing the electri-
cal and magnetic fields of one conductor set so that they to not
impinge on an adjacent conductor set. In the embodiment
illustrated in FIG. 16a, an effective shield against crosstalk is
achieved by providing a low DC resistance between shielding
films 2508. A low DC resistance can be achieved by orienting
the shielding films 2508 in close proximity. For example,
pinched portions 2509 of shielding films 2508 may be spaced
apart by less than about 0.13 mm in at least one location of
pinched region 2518. The resulting DC resistance between
shielding films 2508 may be less than about 15 ohms, and the
resulting crosstalk between adjacent conductor sets may be
less than about —-25 dB. In some cases, the pinched region
2518 of the cable 2502 has a minimum thickness of less than
about 0.13 mm.

The shielding films 2508 can be spaced apart by a separa-
tion medium. The separation medium may include conform-
able adhesive layer 2510. For example, the separation
medium may have a dielectric constant of at least 1.5. A high
dielectric constant decreases the impedance between shield-
ing films 2508, thereby increasing the electrical isolation and
decreasing the crosstalk between adjacent conductor sets.
Shielding films 2508 may make direct electrical contact with
each other in at least one location of pinched region 2518'.
Shielding films 2508 may be forced together in selected loca-
tions so that the thickness of conformable adhesive layer 2510
is reduced in the selected locations. Forcing the shielding film
together in selected locations may be accomplished, for
example, with a patterned tool making intermittent pinch
contact between shielding films 2508 in these locations.
These locations may be patterned longitudinally or trans-
versely. In some cases, the separation medium may be elec-
trically conductive to enable direct electrical contact between
shielding films 2508.

In FIG. 1654, shielded electrical cable 2602 includes a
pinched region 2618 including a ground conductor 2612 dis-
posed between shielding films 2608 and extending along a
length of the cable 2602. The ground conductor 2612 may
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make indirect electrical contact with both shielding films
2608, e.g., a low but non-zero DC resistance between the
shielding films 2608. In some cases, the ground conductor
2612 may make direct or indirect electrical contact with at
least one of the shielding films 2608 in at least one location of
pinched region 2618. The shielded electrical cable 2602 may
include a conformable adhesive layer 2610 disposed between
shielding films 2608 and configured to provide controlled
separation of at least one of shielding films 2608 and ground
conductor 2612. The conformable adhesive layer 2610 may
have a non-uniform thickness that allows ground conductor
2612 to make direct or indirect electrical contact with at least
one of shielding films 2608 in selective locations. In some
cases, the ground conductor 2612 may include surface asperi-
ties or a deformable wire, such as, e.g., a stranded wire, to
provide the controlled electrical contact between ground con-
ductor 2612 and at least one of shielding films 2608.

In FIG. 16c¢, shielded electrical cable 2702 includes a
pinched region 2718. A ground conductor 2712 disposed
between shielding films 2708 and makes direct electrical
contact with both shielding films 2708.

In FIG. 164, shielded electrical cable 2802 includes a
pinched region 2818 wherein shielding films 2808 make
direct electrical contact with each other by any suitable
means, such as, e.g., conductive element 2844. Conductive
element 2844 may include a conductive plated via or channel,
a conductive filled via or channel, or a conductive adhesive, to
name a few.

In FIG. 16e, shielded electrical cable 2902 includes a
pinched region 2918 that has an opening 2936 in at least one
location of the pinched region 2918. In other words, pinched
region 2918 is discontinuous. Opening 2936 may include a
hole, a perforation, a slit, and any other suitable element.
Opening 2936 provides at least some level of physical sepa-
ration, which contributes to the electrical isolation perfor-
mance of pinched region 2918 and increases at least the
lateral flexibility of shielded electrical cable 2902. This sepa-
ration may be discontinuous along the length of pinched
region 2918, and may be discontinuous across the width of
pinched region 2918.

In FIG. 16f, shielded electrical cable 3002 includes a
pinched region 3018 where at least one of shielding films
3008 includes a break 3038 in at least one location of pinched
region 3018. In other words, at least one of shielding films
3008 is discontinuous. Break 3038 may include a hole, a
perforation, a slit, and any other suitable element. Break 3038
provides at least some level of physical separation, which
contributes to the electrical isolation performance of pinched
region 3018 and increases at least the lateral flexibility of
shielded electrical cable 3002. This separation may be dis-
continuous or continuous along the length of pinched region,
and may be discontinuous across the width of the pinched
portion 3018.

In FIG. 16g, shielded electrical cable 3102 includes a
pinched region 3118 that is piecewise planar in a folded
configuration. All other things being equal, a piecewise planar
pinched region has a greater actual surface area than a planar
pinched region having the same projected width. If the sur-
face area of a pinched region is much greater than the spacing
between the shielding films 3108, the DC resistance is
decreased which improves the electrical isolation perfor-
mance of the pinched region 3118. In one embodiment, a DC
resistance of less than 5 to 10 Ohms results in good electrical
isolation. In one embodiment, parallel portion 3118 of
shielded electrical cable 3102 has an actual width to mini-
mum spacing ratio of at least 5. In one embodiment, pinched
region 3118 is pre-bent and thereby increases at least the
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lateral flexibility of shielded electrical cable 3102. Pinched
region 3118 may be piecewise planar in any other suitable
configuration.

FIGS. 17a-17b, illustrate details pertaining to a pinched
region during the manufacture of an exemplary shielded elec-
trical cable. Shielded electrical cable 3202 includes two
shielding films 3208 and includes a pinched region 3218
(wherein FIG. 175) is made wherein shielding films 3208
may be substantially parallel. Shielding films 3208 include a
non-conductive polymeric layer 32085, a conductive layer
3208a disposed on non-conductive polymeric layer 32085,
and a stop layer 32084 disposed on the conductive layer
3208a. A conformable adhesive layer 3210 is disposed on
stop layer 3208d. Pinched region 3218 includes a longitudinal
ground conductor 3212 disposed between shielding films
3208.

After the shielding films are forced together around the
ground conductor, the ground conductor 3212 makes indirect
electrical contact with conductive layers 3208a of the shield-
ing films 3208. This indirect electrical contact is enabled by a
controlled separation of conductive layer 32082 and ground
conductor 3212 provided by stop layer 3208d. In some cases,
the stop layer 32084 may be or include a non-conductive
polymeric layer. As shown in the figures, an external pressure
(see FIG. 17a) is used to press conductive layers 3208a
together and force conformable adhesive layers 3210 to con-
form around the ground conductor the (FIG. 175). Because
stop layer 32084 does not conform at least under the same
processing conditions, it prevents direct electrical contact
between the ground conductor 3212 and conductive layer
3208a of shielding films 3208, but achieves indirect electrical
contact. The thickness and dielectric properties of stop layer
32084 may be selected to achieve a low target DC resistance,
i.e., electrical contact of an indirect type. In some embodi-
ments, the characteristic DC resistance between the ground
conductor and the shielding film may be less than 10 ohms, or
less than 5 ohms, for example, but greater than 0 ohms, to
achieve the desired indirect electrical contact. In some cases,
it is desirable to make direct electrical contact between a
given ground conductor and one or two shielding films,
whereupon the DC resistance between such ground conduc-
tor and such shielding film(s) may be substantially 0 ohms.

FIG. 18 shows a folded shielded cable 3302. Shielded cable
3302 includes two shielding films 3308 disposed around
spaced apart conductor sets 3304. Shielding films 3308 are
disposed on opposite sides of the cable 3302 and include
pinched regions 3318 on each side of the conductor sets 3304.
The pinched regions 3318 are configured to be laterally bent
at an angle o of at least 30°. This lateral flexibility of pinched
regions 3318 enables shielded electrical cable 3302 to be
folded in any suitable configuration, such as, e.g., a configu-
ration that can be used in a round cable (see, e.g., FIG. 10g).
In one embodiment, the shielding films 3308 having rela-
tively thin individual layers increases the lateral flexibility of
pinched regions 3318. To maintain the integrity of these indi-
vidual layers in particular under bending conditions, it is
preferred that the bonds between them remain intact. For
example, for pinched regions 3318 may have a minimum
thickness of less than about 0.13 mm, and a bond strength
between individual layers of at least 17.86 g/mm (1 1bs/inch)
after thermal exposures during processing or use.

In one aspect, it is beneficial to the electrical performance
of a shielded electrical cable for the pinched regions to have
approximately the same size and shape on both sides of a
conductor set. Any dimensional changes or imbalances may
produce imbalances in capacitance and inductance along the
length of the parallel portion. This in turn may cause imped-
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ance differences along the length of the pinched region and
impedance imbalances between adjacent conductor sets. At
least for these reasons, control of the spacing between the
shielding films may be desired. In some cases, the pinched
portions of the shielding films in the pinched regions of the
cable on both sides of a conductor set are spaced apart within
about 0.05 mm of each other.

In FIG. 19, shielded electrical cable 3402 includes two
conductor sets 3404, each including two insulated conductors
3406, and two generally shielding films 3408 disposed on
opposite sides of the electrical cable 3402 around conductor
sets 3404. Shielding films 3408 include pinched portions
3418. Pinched portions 3418 are positioned at or near an edge
of'shielded electrical cable 3402 are configured to electrically
isolate conductor sets 3404 from the external environment. In
shielded electrical cable 3402, pinched portions 3418 of
shielding films 3408 and insulated conductors 3406 are
arranged generally in a single plane.

In FIG. 20a, shielded electrical cable 3502 includes a
pinched region 3518 wherein pinched portions 3509 of
shielding films 3508 are spaced apart. Pinched region 3518 is
similar to pinched region 2518 described above and illus-
trated in FIG. 16a. Whereas pinched region 2518 is posi-
tioned in between conductor sets, pinched region 3518 is
positioned at or near an edge of shielded electrical cable 3502.

In FIG. 205, shielded electrical cable 3602 includes a
pinched region 3618 that includes a longitudinal ground con-
ductor 3612 disposed between shielding films 3608. Pinched
region 3618 is similar to pinched region 2618 described
above and illustrated in FIG. 165. Whereas pinched region
2618 is positioned in between conductor sets, pinched region
3618 is positioned at or near an edge of shielded electrical
cable 3602.

In FIG. 20c¢, shielded electrical cable 3702 includes a
pinched region 3718 including a longitudinal ground conduc-
tor 3712 disposed between shielding films 3708. Pinched
region 3718 is similar to pinched region 2718 described
above and illustrated in FIG. 16¢. Whereas pinched region
2718 is positioned in between conductor sets, pinched region
3718 is positioned at or near an edge of shielded electrical
cable 3702.

In FIG. 20d, shielded electrical cable 3802 includes a
pinched region 3818 wherein the pinched portions 3809 of
shielding films 3808 make direct electrical contact with each
other by any suitable means, such as, e.g., conductive element
3844. Conductive element 3844 may include a conductive
plated via or channel, a conductive filled via or channel, or a
conductive adhesive, to name a few. Pinched region 3818 is
similar to pinched region 2818 described above and illus-
trated in FIG. 16d. Whereas pinched region 2818 is posi-
tioned in between conductor sets, pinched region 3818 is
positioned at or near an edge of shielded electrical cable 3802.

In FIG. 20e, shielded electrical cable 3902 includes a
pinched region 3918 that is piecewise planar in a folded
configuration. Pinched region 3918 is similar to pinched
region 3118 described above and illustrated in FIG. 16g.
Whereas pinched region 3118 is positioned in between con-
ductor sets, pinched region 3918 is positioned at or near an
edge of shielded electrical cable 3902.

In FIG. 20f, shielded electrical cable 4002 includes a
pinched region 4018 that is piecewise planar in a curved
configuration and positioned at or near an edge of shielded
electrical cable 4002.

A shielded electrical cable according to an aspect of the
present invention may include at least one longitudinal
ground conductor, an electrical article extending in substan-
tially the same direction as the ground conductor, and two
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shielding films disposed on opposite sides of the shielded
electrical cable. In transverse cross section, the shielding
films substantially surround the ground conductor and the
electrical article. In this configuration, the shielding films and
ground conductor are configured to electrically isolate the
electrical article. The ground conductor may extend beyond at
least one of the ends of the shielding films, e.g., for termina-
tion of the shielding films to any suitable individual contact
element of any suitable termination point, such as, e.g., a
contact element on a printed circuit board or an electrical
contact of an electrical connector. Beneficially, only a limited
number of ground conductors is needed for a cable construc-
tion, and can, along with the shielding films, complete an
electromagnetic enclosure of the electrical article. The elec-
trical article may include at least one conductor that extends
along a length of the cable, at least one conductor set that
extends along a length of the cable including one or more
insulated conductors, a flexible printed circuit, or any other
suitable electrical article of which electrical isolation is
desired. FIGS. 21a-215b illustrate two exemplary embodi-
ments of such shielded electrical cable configuration.

In FIG. 21a, shielded electrical cable 4102 includes two
spaced apart ground conductors 4112 that extend along a
length of the cable 4102, an electrical article 4140 positioned
between and extending in substantially the same direction as
ground conductors 4112, and two shielding films 4108 dis-
posed on opposite sides of the cable. In transverse cross
section, the shielding films 4108, in combination, substan-
tially surround ground conductors 4112 and electrical article
4140.

Electrical article 4140 includes three conductor sets 4104
that are spaced apart across a width of the cable 4102. Each
conductor set 4104 includes two substantially insulated con-
ductors 4106 that extend along a length of the cable. Ground
conductors 4112 may make indirect electrical contact with
both shielding films 4108 resulting in a low but non-zero
impedance between the ground conductors 4112 and the
shielding films 4108. In some cases, ground conductors 4112
may make direct or indirect electrical contact with at least one
of'the shielding films 4108 in at least one location of shielding
films 4108. In some cases, an adhesive layer 4110 is disposed
between the shielding films 4108 and bonds the shielding
films 4108 to each other on both sides of ground conductors
4112 and electrical article 4140. Adhesive layer 4110 can be
configured to provide controlled separation of at least one of
shielding films 4108 and ground conductors 4112. In one
aspect, this means that adhesive layer 4110 has a non-uniform
thickness that allows ground conductors 4112 to make direct
or indirect electrical contact with at least one of shielding
films 4108 in selective locations. The ground conductors
4112 may include surface asperities or a deformable wire,
such as, e.g., a stranded wire, to provide this controlled elec-
trical contact between ground conductors 4112 and at least
one of shielding films 4108. The shielding films 4108 can be
spaced apart by a minimum spacing in at least one location of
shielding films 4108, where ground conductors 4112 have a
thickness that is greater than the minimum spacing. For
example, the shielding films 4108 may have a thickness of
less than about 0.025 mm.

In FIG. 2154, shielded electrical cable 4202 includes two
spaced apart ground conductors 4212 that extend along a
length of the cable 4202, an electrical article 4240 positioned
between and extending in substantially the same direction as
ground conductors 4212, and two shielding films 4208 dis-
posed on opposite sides of the cable 4202. In transverse cross
section, the shielding films, in combination, substantially sur-
round ground conductors 4212 and electrical article 4240.
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Shielded electrical cable 4202 is similar in some respects to
shielded electrical cable 4102 described above and illustrated
in FIG. 21a. Whereas in shielded electrical cable 4102, elec-
trical article 4140 includes three conductor sets 4104 each
including two substantially parallel longitudinal insulated
conductors 4106, in shielded electrical cable 4202, electrical
article 4240 includes a flexible printed circuit including three
conductor sets 4242.

FIG. 22 illustrates the far end crosstalk (FEXT) isolation
between two adjacent conductor sets of a conventional elec-
trical cable wherein the conductor sets are completely iso-
lated, i.e., have no common ground (Sample 1), and between
two adjacent conductor sets of shielded electrical cable 2202
illustrated in FIG. 15¢ wherein shielding films 2208 are
spaced apart by about 0.025 mm (Sample 2), both having a
cable length of about 3 m. The test method for creating this
data is well known in the art. The data was generated using an
Agilent 8720ES 50 MHz-20 GHz S-Parameter Network Ana-
lyzer. It can be seen by comparing the far end crosstalk plots
that the conventional electrical cable and shielded electrical
cable 2202 provide a similar far end crosstalk performance.
Specifically, it is generally accepted that a far end crosstalk of
less than about —35 dB is suitable for most applications. It can
be easily seen from FIG. 22 that for the configuration tested,
both the conventional electrical cable and shielded electrical
cable 2202 provide satisfactory electrical isolation perfor-
mance. The satisfactory electrical isolation performance in
combination with the increased strength of the parallel por-
tion due to the ability to space apart the shielding films is an
advantage of a shielded electrical cable according to an aspect
of the present invention over conventional electrical cables.

In exemplary embodiments described above, the shielded
electrical cable includes two shielding films disposed on
opposite sides of the cable such that, in transverse cross
section, cover portions of the shielding films in combination
substantially surround a given conductor set, and surround
each of the spaced apart conductor sets individually. In some
embodiments, however, the shielded electrical cable may
contain only one shielding film, which is disposed on only
one side of the cable. Advantages of including only a single
shielding film in the shielded cable, compared to shielded
cables having two shielding films, include a decrease in mate-
rial cost and an increase in mechanical flexibility, manufac-
turability, and ease of stripping and termination. A single
shielding film may provide an acceptable level of electromag-
netic interference (EMI) isolation for a given application, and
may reduce the proximity effect thereby decreasing signal
attenuation. FIG. 13 illustrates one example of such a
shielded electrical cable that includes only one shielding film.

Shielded electrical cable 4302, illustrated in FIG. 23,
includes two spaced apart conductor sets 4304 and a single
shielding film 4308. Each conductor set 4304 includes a
single insulated conductor 4306 that extends along a length of
the cable 4302. Insulated conductors 4306 are arranged gen-
erally in a single plane and effectively in a coaxial cable
configuration that can be used in a single ended circuit
arrangement. Cable 4302 includes pinched regions 4318. In
the pinched regions 4318, the shielding film 4308 includes
pinched portions 4309 extending from both sides of each
conductor set 4304. Pinched regions 4318 cooperatively
define a generally planar shielding film. The shielding film
4308 includes two cover portions 4307 each partially cover-
ing a conductor set 4304. Each cover portion 4307 includes a
concentric portion 4311 substantially concentric with corre-
sponding conductor 4306. Shielding film 4308 includes a
conductive layer 4308a and a non-conductive polymeric
layer 43085. The conductive layer 4308a faces the insulated
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conductors 4306. The cable 4302 may optionally include an
non-conductive carrier film 4346. Carrier film 4346 includes
pinched portions 4346" that extend from both sides of each
conductor set 4304 and opposite pinched portions 4309 of the
shielding film 4308. The carrier film 4346 includes two cover
portions 4346" each partially covering a conductor set 4304
opposite cover portion 4307 of shielding film 4308. Each
cover portion 4346 includes a concentric portion 4346' sub-
stantially concentric with corresponding conductor 4306.
Carrier film 4346 may include any suitable polymeric mate-
rial, including but not limited to polyester, polyimide, polya-
mide-imide, polytetrafluoroethylene, polypropylene, poly-
ethylene, polyphenylene sulfide, polyethylene naphthalate,
polycarbonate, silicone rubber, ethylene propylene diene rub-
ber, polyurethane, acrylates, silicones, natural rubber,
epoxies, and synthetic rubber adhesive. Carrier film 4346
may include one or more additives and/or fillers to provide
properties suitable for the intended application. Carrier film
4346 may be used to complete physical coverage of conduc-
tor sets 4304 and add to the mechanical stability of shielded
electrical cable 4302.

Referring to FIG. 24, shielded electrical cable 4402 is
similar in some respects to shielded electrical cable 4302
described above and illustrated in FIG. 23. Whereas shielded
electrical cable 4302 includes conductor sets 4304 each
including a single insulated conductor 4306, shielded electri-
cal cable 4402 includes conductor sets 4404 that have two
insulated conductors 4406. The insulated conductors 4406
are arranged generally in a single plane and effectively in a
twinaxial cable configuration which can be used in a single
ended or differential pair circuit arrangement.

Referring to FIG. 25, shielded electrical cable 4502 is
similar in some respects to shielded electrical cable 4402
described above and illustrated in FIG. 24. Whereas shielded
electrical cable 4402 has individually insulated conductors
4406, shielded electrical cable 4502 has jointly insulated
conductors 4506.

In one aspect, as can be seen in FIGS. 23-25, the shielding
film is re-entrant between adjacent conductor sets. In other
words, the shielding film includes a pinched portion that is
disposed between adjacent conductor sets. This pinched por-
tion is configured to electrically isolate the adjacent conduc-
tor sets from each other. The pinched portion may eliminate
the need for a ground conductor to be positioned between
adjacent conductor sets, which simplifies the cable construc-
tion and increases the cable flexibility, among other benefits.
The pinched portion may be positioned at a depth d (FIG. 23)
that is greater than about one third of the diameter of the
insulated conductors. In some cases, the pinched portion may
be positioned at a depth d that is greater than about one half of
the diameter of the insulated conductors. Depending on the
spacing between adjacent conductor sets, the transmission
distance, and the signaling scheme (differential versus single-
ended), this re-entrant configuration of the shielding film
more than adequately electrically isolates the conductor sets
from each other.

The conductor sets and shielding film may be coopera-
tively configured in an impedance controlling relationship. In
one aspect, this means that the partial coverage of the con-
ductor sets by the shielding film is accomplished with a
desired consistency in geometry along the length of the
shielded electrical cable such as to provide an acceptable
impedance variation as suitable for the intended application.
In one embodiment, this impedance variation is less than 5
Ohms and preferably less than 3 Ohms along a representative
cable length, such as, e.g., 1 m. In another aspect, if the
insulated conductors are arranged effectively in a twinaxial
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and/or differential pair cable arrangement, this means that the
partial coverage of the conductor sets by the shielding film is
accomplished with a desired consistency in geometry
between the insulated conductors of a pair such as to provide
anacceptable impedance variation as suitable for the intended
application. In some cases, the impedance variation is less
than 2 Ohms and preferably less than 0.5 Ohms along a
representative cable length, such as, e.g., 1 m.

FIGS. 26a-26d illustrate various examples of partial cov-
erage of the conductor set by the shielding film. The amount
of coverage by the shielding film varies between the embodi-
ments. In the embodiment illustrated in FIG. 264, the con-
ductor set has the most coverage. In the embodiment illus-
trated in FIG. 264, the conductor set has the least coverage. In
the embodiments illustrated in FIGS. 264 and 265, more than
half of the periphery of the conductor set is covered by the
shielding film. In the embodiments illustrated in FIGS. 26¢
and 26d, less than half of the periphery of the conductor set is
covered by the shielding film. A greater amount of coverage
provides better electromagnetic interference (EMI) isolation
and reduced signal attenuation (resulting from a reduction in
the proximity effect).

Referring to FIG. 26a, shielded electrical cable 4602
includes a conductor set 4604 and a shielding film 4608.
Conductor set 4604 includes two insulated conductors 4606
which extend along a length of the cable 4602. Shielding film
4608 includes pinched portions 4609 extending from both
sides of conductor set 4604. Pinched portions 4609 coopera-
tively define a generally planar shielding film. Shielding film
4608 further includes a cover portion 4607 partially covering
conductor set 4604. Cover portion 4607 includes concentric
portions 4611 substantially concentric with a corresponding
end conductor 4306 of the conductor set 4604. Shielded elec-
trical cable 4602 may also have an optional non-conductive
carrier film 4646. Carrier film 4646 includes pinched portions
4646" extending from both sides of conductor set 4604 and
disposed opposite pinched portions 4609 of shielding film
4608. Carrier film 4646 further includes a cover portion
4646" partially covering conductor set 4604 opposite cover
portion 4607 of shielding film 4608. Cover portion 4607 of
shielding film 4608 covers the top side and the entire left and
right sides of conductor set 4604. Cover portion 4646" of
carrier film 4646 covers the bottom side of conductor set
4604, completing the substantial enclosure of conductor set
4604. In this embodiment, pinched portions 4646" and cover
portion 4646" of carrier film 4646 are substantially coplanar.

Referring to FIG. 265, shielded clectrical cable 4702 is
similar in some respects to shielded electrical cable 4602
described above and illustrated in FIG. 26a. However, in
shielded electrical cable 4702, the cover portion 4707 of
shielding film 4708 covers the top side and more than half of
the left and right sides of conductor set 4704. The cover
portion 4746" of carrier film 4746 covers the bottom side and
the remainder (less than half) of the left and right sides of
conductor set 4704, completing the substantial enclosure of
conductor set 4704. Cover portion 4746" of carrier film 4746
includes concentric portions 4746' substantially concentric
with corresponding conductor 4706.

Referring to FIG. 26¢, shielded electrical cable 4802 is
similar in some respects to shielded electrical cable 4602
described above and illustrated in FIG. 264. In shielded elec-
trical cable 4802, the cover portion 4807 of shielding film
4808 covers the bottom side and less than half of the left and
right sides of conductor set 4804. Cover portion 4846" of
carrier film 4846 covers the top side and the remainder (more
than half) of the left and right sides of conductor set 4804,
completing the enclosure of conductor set 4804.
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Referring to FIG. 26d, shielded electrical cable 4902 is
similar to shielded electrical cable 4602 described above and
illustrated in FIG. 26a. However, in shielded electrical cable
4902, cover portion 4907 of shielding film 4908 covers the
bottom side of conductor set 4904. Cover portion 4946" of
carrier film 4946 covers the top side and the entire left and
right sides of conductor set 4904, completing the substantial
enclosure of conductor set 4904. In some cases, pinched
portions 4909 and cover portion 4907 of shielding film 4908
are substantially coplanar.

Similar to embodiments of the shielded electrical cable
including two shielding films disposed on opposite sides of
the cable around a conductor set and/or around a plurality of
spaced apart conductor sets, embodiments of the shielded
electrical cable including a single shielding film may include
at least one longitudinal ground conductor. In one aspect, this
ground conductor facilitates electrical contact of the shield-
ing film to any suitable individual contact element of any
suitable termination point, such as, e.g., a contact element on
a printed circuit board or an electrical contact of an electrical
connector. The ground conductor may extend beyond at least
one of the ends of the shielding film to facilitate this electrical
contact. The ground conductor may make direct or indirect
electrical contact with the shielding film in at least one loca-
tion along its length, and may be placed in suitable locations
of the shielded electrical cable.

FIG. 27 illustrates a shielded electrical cable 5002 having
only one shielding film 5008. Insulated conductors 5006 are
arranged in two conductor sets 5004, each having only one
pair of insulated conductors, although conductor sets having
other numbers of insulated conductors as discussed herein are
also contemplated. Shielded electrical cable 5002 is shown to
include ground conductors 5012 in various exemplary loca-
tions but any or all of the ground conductors 5012 may be
omitted if desired, or additional ground conductors can be
included. Ground conductors 5012 extend in substantially the
same direction as insulated conductors 5006 of conductor sets
5004 and are positioned between shielding film 5008 and
carrier film 5046. One ground conductor 5012 is included in
a pinched portion 5009 of shielding film 5008 and three
ground conductors 5012 are included in a conductor set 5004.
One of these three ground conductors 5012 is positioned
between insulated conductors 5006 and shielding film 5008
and two of these three ground conductors 5012 and insulated
conductors 5006 are arranged generally in a single plane.

FIGS. 284-28d are cross sectional views that illustrate
various exemplary embodiments of a shielded electrical cable
according to aspects of the present invention. FIGS. 28a-284
illustrate various examples of partial coverage of the conduc-
tor set by the shielding film without the presence of a carrier
film. The amount of coverage by the shielding film varies
between the embodiments. In the embodiment illustrated in
FIG. 28a, the conductor set has the most coverage. In the
embodiment illustrated in FIG. 284, the conductor set has the
least coverage. In the embodiments illustrated in FIGS. 28a
and 285, more than half of the periphery of the conductor set
is covered by the shielding film. In the embodiment illustrated
in FIG. 28¢, about half of the periphery of the conductor set is
covered by the shielding film. In the embodiment illustrated
in FIG. 284, less than half of the periphery of the conductor
set is covered by the shielding film. A greater amount of
coverage provides better electromagnetic interference (EMI)
isolation and reduced signal attenuation (resulting from a
reduction in the proximity effect). Although in these embodi-
ments, a conductor set includes two substantially parallel
longitudinal insulated conductors, in other embodiments, a
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conductor set may include one or more than two substantially
parallel longitudinal insulated conductors.

Referring to FIG. 28a, a shielded electrical cable 5102
includes a conductor set 5104 and a shielding film 5108. The
conductor set 5104 includes two insulated conductors 5106
that extend along a length of the cable 5102. Shielding film
5108 includes pinched portions 5109 extending from both
sides of conductor set 5104. Pinched portions 5109 coopera-
tively define a generally planar shielding film. Shielding film
5108 further includes a cover portion 5107 partially covering
conductor set 5104. Cover portion 5107 includes concentric
portions 5111 substantially concentric with a corresponding
end conductor 5106 of the conductor 5104. Cover portion
5107 of shielding film 5108 covers the bottom side and the
entire left and right sides of conductor set 5104 in FIG. 28a.

Referring to FIG. 285, shielded electrical cable 5202 is
similar in some respects to shielded electrical cable 5102
described above and illustrated in FIG. 28a. However, in
shielded electrical cable 5202, cover portion 5207 of shield-
ing film 5208 covers the bottom side and more than half of the
left and right sides of conductor set 5204.

Referring to FIG. 28¢, shielded electrical cable 5302 is
similar to shielded electrical cable 5102 described above and
illustrated in FIG. 28a. However, in shielded electrical cable
5302, cover portion 5307 of shielding film 5308 covers the
bottom side and about half of the left and right sides of
conductor set 5304.

Referring to FIG. 28d, shielded electrical cable 5402 is
similar in some respects to shielded electrical cable 5102
described above and illustrated in FIG. 28a. However, in
shielded electrical cable 5402, cover portion 5411 of shield-
ing film 5408 covers the bottom side and less than half of the
left and right sides of conductor set 5404.

As an alternative to a carrier film, for example, shielded
electrical cables according to aspects of the present invention
may include an optional non-conductive support. This sup-
port may be used to complete physical coverage of a conduc-
tor set and add to the mechanical stability of the shielded
electrical cable. FIGS. 29a-29d are cross sectional views that
illustrate various exemplary embodiments of a shielded elec-
trical cable according to aspects of the present invention
including a non-conductive support. Although in these
embodiments, a non-conductive support is used with a con-
ductor set that includes two insulated conductors, in other
embodiments, a non-conductive support may be used with a
conductor set that includes one or more than two substantially
parallel longitudinal insulated conductors, or with a ground
conductor. The support may include any suitable polymeric
material, including but not limited to polyester, polyimide,
polyamide-imide, polytetrafiuoroethylene, polypropylene,
polyethylene, polyphenylene sulfide, polyethylene naphtha-
late, polycarbonate, silicone rubber, ethylene propylene diene
rubber, polyurethane, acrylates, silicones, natural rubber,
epoxies, and synthetic rubber adhesive. The support may
include one or more additives and/or fillers to provide prop-
erties suitable for the intended application.

Referring to FIG. 29a, shielded clectrical cable 5502 is
similar to shielded electrical cable 5102 described above and
illustrated in FIG. 28a, but further includes a non-conductive
support 5548 partially covering conductor set 5504 opposite
cover portion 5507 of shielding film 5508. The support 5548
can cover the top side of conductor set 5504, to enclose
insulated conductors 5506. The support 5548 includes a gen-
erally planar top surface 5548a. Top surface 5548a and
pinched portions 5509 of the shielding film 5508 are substan-
tially coplanar.
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Referring to FIG. 294, shielded electrical cable 5602 is
similar to shielded electrical cable 5202 described above and
illustrated in FIG. 285, but further includes a non-conductive
support 5648 partially covering conductor set 5604 opposite
cover portion 5607 of shielding film 5608. Support 5648 only
partially covers the top side of conductor set 5604, leaving
insulated conductors 5606 partially exposed.

Referring to FIG. 29¢, shielded electrical cable 5702 is
similar to shielded electrical cable 5302 described above and
illustrated in FIG. 28c¢, but further includes a non-conductive
support 5748 partially covering conductor set 5704 opposite
cover portion 5707 of shielding film 5708. Support 5748
covers essentially the entire top side of conductor set 5704,
essentially fully enclosing insulated conductors 5706. At
least a portion of support 5748 is substantially concentric
with insulated conductors 5706. A portion of support 5748 is
disposed between insulated conductors 5706 and shielding
film 5708.

Referring to FIG. 29d, shielded electrical cable 5802 is
similar to shielded electrical cable 5402 described above and
illustrated in FIG. 284, but further includes a non-conductive
support 5848 partially covering conductor set 5804 opposite
cover portion 5807 of shielding film 5808. Support 5848 only
partially covers the top side of conductor set 5804, leaving
insulated conductors 5806 partially exposed. A portion of
support 5848 is disposed between insulated conductors 5806
and shielding film 5808.

We now provide further details regarding shielded ribbon
cables that can employ high packing density of mutually
shielded conductor sets. The design features of the disclosed
cables allow them to be manufactured in a format that allows
very high density of signal lines in a single ribbon cable. This
can enable a high density mating interface and ultra thin
connector, and/or can enable crosstalk isolation with standard
connector interfaces. In addition, high density cable can
reduce the manufacturing cost per signal pair, reduce the
bending stiffness of the assembly of pairs (for example, in
general, one ribbon of high density bends more easily than
two stacked ribbons of lower density), and reduce the total
thickness since one ribbon is generally thinner than two
stacked ribbons.

One potential application for at least some of the disclosed
shielded cables is in high speed (I/O) data transfer between
components or devices of a computer system or other elec-
tronic system. A protocol known as SAS (Serial Attached
SCSI), which is maintained by the International Committee
for Information Technology Standards (INCITS), is a com-
puter bus protocol involving the movement of data to and
from computer storage devices such as hard drives and tape
drives. SAS uses the standard SCSI command set and
involves a point-to-point serial protocol. A convention known
as mini-SAS has been developed for certain types of connec-
tors within the SAS specification.

Conventional twinaxial (twinax) cable assemblies for
internal applications, such as mini-SAS cable assemblies,
utilize individual twinax pairs, each pair having its own
accompanying drain wire, and in some cases two drain wires.
When terminating such a cable, not only must each insulated
conductor of each twinax pair be managed, but each drain
wire (or both drain wires) for each twinax pair must also be
managed. These conventional twinax pairs are typically
arranged in a loose bundle that is placed within a loose outer
braid that contains the pairs so that they can be routed
together. In contrast, the shielded ribbon cables described
herein can if desired be used in configurations where, for
example, a first four-pair ribbon cable is mated to one major
surface of the paddle card (see e.g. FIG. 3d above) and a
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second four-pair ribbon cable, which may be similar or sub-
stantially identical in configuration or layout to the first four-
pair ribbon cable, is mated to the other major surface at the
same end of the paddle card to make a 4x or 4i mini-SAS
assembly, having 4 transmit shielded pairs and 4 receive
shielded pairs. This configuration is advantageous relative to
the construction utilizing the twinax pairs of a conventional
cable, in part because fewer than one drain wire per twinax
pair can be used, and thus fewer drain wires need to be
managed for termination. However, the configuration utiliz-
ing the stack of two four-pair ribbon cables retains the limi-
tation that two separate ribbons are needed to provide a 4x/4i
assembly, with the concomitant requirement to manage two
ribbons, and with the disadvantageous increased stiffhess and
thickness of two ribbons relative to only one ribbon.

We have found that the disclosed shielded ribbon cables
can be made densely enough, i.e., with a small enough wire-
to-wire spacing, a small enough conductor set-to-conductor
set spacing, and with a small enough number of drain wires
and drain wire spacing, and with adequate loss characteristics
and crosstalk or shielding characteristics, to allow for a single
ribbon cable, or multiple ribbon cables arranged side-by-side
rather than in a stacked configuration, to extend along a single
plane to mate with a connector. This ribbon cable or cables
may contain at least three twinax pairs total, and if multiple
cables are used, at least one ribbon may contain at least two
twinax pairs. In an exemplary embodiment, a single ribbon
cable may be used, and if desired, the signal pairs may be
routed to two planes or major surfaces of a connector or other
termination component, even though the ribbon cable extends
along only one plane. The routing can be achieved in a num-
ber of ways, e.g., tips or ends of individual conductors can be
bent out of the plane of the ribbon cable to contact one or the
other major surface of the termination component, or the
termination component may utilize conductive through-holes
or vias that connect one conductive pathway portion on one
major surface to another conductive pathway portion on the
other major surface, for example. Of particular significance to
high density cables, the ribbon cable also preferably contains
fewer drain wires than conductor sets; in cases where some or
all of the conductor sets are twinax pairs, i.e., some or all of
the conductor sets each contains only one pair of insulated
conductors, the number of drain wires is preferably less than
the number of twinax pairs. Reducing the number of drain
wires allows the width of the cable to be reduced since drain
wires in a given cable are typically spaced apart from each
other along the width dimension of the cable. Reducing the
number of drain wires also simplifies manufacturing by
reducing the number of connections needed between the
cable and the termination component, thus also reducing the
number of fabrication steps and reducing the time needed for
fabrication.

Furthermore, by using fewer drain wires, the drain wire(s)
that remain can be positioned farther apart from the nearest
signal wire than is normal so as to make the termination
process significantly easier with only a slight increase in
cable width. For example, a given drain wire may be charac-
terized by a spacing o1 from a center of the drain wire to a
center of a nearest insulated wire of a nearest conductor set,
and the nearest conductor set may be characterized by a
center-to-center spacing of insulated conductors of 02, and
01/02 may be greater than 0.7. In contrast, conventional
twinax cable has a drain wire spacing of 0.5 times the insu-
lated conductor separation, plus the drain wire diameter.

In exemplary high density embodiments of the disclosed
shielded electrical ribbon cables, the center-to-center spacing
or pitch between two adjacent twinax pairs (which distance is
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referred to below in connection with FIG. 16 as X) is at least
less than four times, and preferably less than 3 times, the
center-to-center spacing between the signal wires within one
pair (which distance is referred to below in connection with
FIG. 16 as o). This relationship, which can be expressed as
2/0<4 or Z/0<3, can be satisfied both for unjacketed cables
designed for internal applications, and jacketed cables
designed for external applications. As explained elsewhere
herein, we have demonstrated shielded electrical ribbon
cables with multiple twinax pairs, and having acceptable loss
and shielding (crosstalk) characteristics, in which Z/cis in a
range from 2.5 to 3.

An alternative way of characterizing the density of a given
shielded ribbon cable (regardless of whether any of the con-
ductor sets of the cable have a pair of conductors in a twinax
configuration) is by reference to the nearest insulated conduc-
tors of two adjacent conductor sets. Thus, when the shielded
cable is laid flat, a first insulated conductor of a first conductor
set is nearest a second (adjacent) conductor set, and a second
insulated conductor of the second conductor set is nearest the
first conductor set. The center-to-center separation of the first
and second insulated conductors is S. The first insulated con-
ductor has an outer dimension D1, e.g., the diameter of its
insulation, and the second insulated conductor has an outer
dimension D2, e.g. the diameter if its insulation. In many
cases the conductor sets use the same size insulated conduc-
tors, in which case D1=D2. In some cases, however, D1 and
D2 may be different. A parameter Dmin can be defined as the
lesser of D1 and D2. Of course, if D1=D2, then
Dmin=D1=D2. Using the design characteristics for shielded
electrical ribbon cables discussed herein, we are able to fab-
ricate such cables for which S/Dmin is in a range from 1.7 to
2.

The close packing or high density can be achieved in part
by virtue of one or more of the following features of the
disclosed cables: the need for a minimum number of drain
wires, or, stated differently, the ability to provide adequate
shielding for some or all of the connector sets in the cable
using fewer than one drain wire per connector set (and in
some cases fewer than one drain wire for every two, three, or
four or more connector sets, for example, or only one or two
drain wires for the entire cable); the high frequency signal
isolating structures, e.g., shielding films of suitable geometry,
between adjacent conductor sets; the relatively small number
and thickness of layers used in the cable construction; and the
forming process which ensures proper placement and con-
figuration of the insulated conductors, drain wires, and
shielding films, and does so in a way that provides uniformity
along the length of the cable. The high density characteristic
can advantageously be provided in a cable capable of being
mass stripped and mass terminated to a paddle card or other
linear array. The mass stripping and termination is facilitated
by separating one, some, or all drain wires in the cable from
their respective closest signal line, i.e. the closest insulated
conductor of the closest conductor set, by a distance greater
than one-half the spacing between adjacent insulated conduc-
tors in the conductor set, and preferably greater than 0.7 times
such spacing.

By electrically connecting the drain wires to the shielding
films, and properly forming the shielding films to substan-
tially surround each conductor set, the shield structure alone
can provide adequate high frequency crosstalk isolation
between adjacent conductor sets, and we can construct
shielded ribbon cables with only a minimum number of drain
wires. In exemplary embodiments, a given cable may have
only two drain wires (one of which may be located at or near
each edge of the cable), but only one drain wire is also
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possible, and more than two drain wires is of course also
possible. By using fewer drain wires in the cable construction,
fewer termination pads are required on the paddle card or
other termination component, and that component can thus be
made smaller and/or can support higher signal densities. The
cable likewise can be made smaller (narrower) and can have
a higher signal density, since fewer drain wires are present to
consume less ribbon width. The reduced number of drain
wires is a significant factor in allowing the disclosed shielded
cables to support higher densities than conventional discrete
twinax cables, ribbon cables composed of discrete twinax
pairs, and ordinary ribbon cables.

Near-end crosstalk and/or far-end crosstalk can be impor-
tant measures of signal integrity or shielding in any electrical
cable, including the disclosed cables and cable assemblies.
Grouping signal lines (e.g. twinax pairs or other conductor
sets) closer together in a cable and in a termination area tends
to increase undesirable crosstalk, but the cable designs and
termination designs disclosed herein can be used to counter-
act this tendency. The subject of crosstalk in the cable and
crosstalk within the connector can be addressed separately,
but several of these methods for crosstalk reduction can be
used together for enhanced crosstalk reduction. To increase
high frequency shielding and reduce crosstalk in the dis-
closed cables, it is desirable to form as complete a shield
surrounding the conductor sets (e.g. twinax pairs) as possible
using the two shielding films on opposite sides of the cable. It
is thus desirable to form the shielding films such that their
cover portions, in combination, substantially surround any
given conductor set, e.g., at least 75%, or at least 80, 85, or
90%, of the perimeter of the conductor set. It is also often
desirable to minimize (including eliminate) any gaps between
the shielding films in the pinched zones of the cable, and/or to
use a low impedance or direct electrical contact between the
two shielding films such as by direct contact or touching, or
electrical contact through one or more drain wires, or using a
conductive adhesive between the shielding films. If separate
“transmit” and “receive” twinax pairs or conductors are
defined or specified for a given cable or system, high fre-
quency shielding may also be enhanced in the cable and/or at
the termination component by grouping all such “transmit”
conductors physically next to each another, and grouping all
such “receive” conductors next to each other but segregated
from the transmit pairs, to the extent possible, in the same
ribbon cable. The transmit group of conductors may also be
separated from the receive group of conductors by one or
more drain wires or other isolation structures as described
elsewhere herein. In some cases, two separate ribbon cables,
one for transmit conductors and one for receive conductors,
may be used, but the two (or more) cables are preferably
arranged in a side-by-side configuration rather than stacked,
so that advantages of a single flexible plane of ribbon cable
can be maintained.

The described shielded cables may exhibit a high fre-
quency isolation between adjacent insulated conductors in a
given conductor set characterized by a crosstalk C1 at a speci-
fied frequency in a range from 3-15 GHz and for a 1 meter
cable length, and may exhibit a high frequency isolation
between the given conductor set and an adjacent conductor
set (separated from the first conductor set by a pinched por-
tion of the cable) characterized by a crosstalk C2 at the speci-
fied frequency, and C2 is at least 10 dB lower than C1.
Alternatively or in addition, the described shielded cables
may satisfy a shielding specification similar to or the same as
that used in mini-SAS applications: a signal of a given signal
strength is coupled to one of the transmit conductor sets (or
one of the receive conductor sets) at one end of the cable, and
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the cumulative signal strength in all of the receive conductor
sets (or in all of the transmit conductor sets), as measured at
the same end of the cable, is calculated. The near-end
crosstalk, computed as the ratio of the cumulative signal
strength to the original signal strength, and expressed in deci-
bels, is preferably less than —26 dB.

If the cable ends are not properly shielded, the crosstalk at
the cable end can become significant for a given application.
A potential solution with the disclosed cables is to maintain
the structure of the shielding films as close as possible to the
termination point of the insulated conductors, so as to contain
any stray electromagnetic fields within the conductor set.
Beyond the cable, design details of the paddle card or other
termination component can also be tailored to maintain
adequate crosstalk isolation for the system. Strategies include
electrically isolating transmit and receive signals from each
other to the extent possible, e.g. terminating and routing wires
and conductors associated with these two signal types as
physically far apart from each other as possible. One option is
to terminate such wires and conductors on separate sides
(opposed major surfaces) of the paddle card, which can be
used to automatically route the signals on different planes or
opposite sides of the paddle card. Another option is to termi-
nate such wires and conductors laterally as far apart as pos-
sible to laterally separate transmit wires from receive wires.
Combinations of these strategies can also be used for further
isolation.

These strategies can be used with the disclosed high den-
sity ribbon cables in combination with paddle cards of con-
ventional size or reduced size, as well as with a single plane of
ribbon cable, both of which may provide significant system
advantages.

The reader is reminded that the above discussion relating to
paddle card terminations, and discussion elsewhere herein
directed to paddle cards, should also be understood as encom-
passing any other type of termination. For example, stamped
metal connectors may include linear arrays of one or two rows
of contacts to connect to a ribbon cable. Such rows may be
analogous to those of a paddle card, which may also include
two linear arrays of contacts. The same staggered, alternating,
and segregated termination strategies for the disclosed cables
and termination components can be employed.

Loss or attenuation is another important consideration for
many electrical cable applications. One typical loss specifi-
cation for high speed 1/O applications is that the cable have a
loss of less than —6 dB at, for example, a frequency of 5 GHz.
(In this regard, the reader will understand that, for example, a
loss of -5 dB is less than a loss of -6 dB.) Such a specification
places a limit on attempting to miniaturize a cable simply by
using thinner wires for the insulated conductors of the con-
ductor sets and/or for the drain wires. In general, with other
factors being equal, as the wires used in a cable are made
thinner, cable loss increases. Although plating of wire, e.g.,
silver plating, tin plating, or gold plating, can have an impact
on cable loss, in many cases, wire sizes smaller than about 32
gauge (32 AWG) or slightly smaller, whether of solid core or
stranded wire design, may represent a practical lower size
limit for signal wires in some high speed /O applications.
However, smaller wire sizes may be feasible in other high
speed applications, and advances in technology can also be
expected to render smaller wire sizes acceptable.

Turning now to FIG. 30a, we see there a cable system
11401 which includes a shielded electrical ribbon cable
11402 in combination with a termination component 11420
such as a paddle card or the like. The cable 11402, which may
have any of the design features and characteristics shown and
described elsewhere herein, is shown to have eight conductor
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sets 11404 and two drain wires 11412, each of which is
disposed at or near a respective edge of the cable. Each
conductor set is substantially a twinax pair, i.e., each includes
only two insulated conductors 11406, each conductor set
preferably being tailored to transmit and/or receive high
speed data signals. Of course, other numbers of conductor
sets, other numbers of insulated conductors within a given
conductor set, and other numbers of drain wires (ifany) can in
general be used for the cable 11402. Eight twinax pairs are
however of some significance due to the existing prevalence
of' paddle cards designed for use with four “lanes” or “chan-
nels”, each lane or channel having exactly one transmit pair
and exactly one receive pair. The generally flat or planar
design of the cable, and its design characteristics, allow it to
be readily bent or otherwise manipulated as shown while
maintaining good high frequency shielding of the conductor
sets and acceptable losses. The number of drain wires (2) is
substantially less than the number of conductor sets (8),
allowing the cable 11402 to have a substantially reduced
width wl. Such a reduced width may be realized even in cases
where the drain wires 11412 are spaced relative to the nearest
signal wire (nearest insulated conductor 11406) by atleast 0.7
times the spacing of signal wires in the nearest conductor set,
since only two drain wires (in this embodiment) are involved.

The termination component 11420 has a first end 11420a
and an opposed second end 114205, and a first major surface
11420c¢ and an opposed second major surface 114204d. Con-
ductive paths 11421 are provided, e.g. by printing or other
conventional deposition process(es) and/or etching process
(es), on at least the first major surface 11420c¢ of the compo-
nent 11420. In this regard, the conductive paths are disposed
on a suitable electrically insulating substrate, which is typi-
cally stiff or rigid but may in some cases be flexible. Each
conductive path typically extends from the first end 11420a to
the second end 114205 of the component. In the depicted
embodiment, the individual wires and conductors of the cable
11402 are electrically connected to respective ones of the
conductive paths 11421.

For simplicity, each path is shown to be straight, extending
from one end of the component 11420 or substrate to the other
on the same major surface of the component. In some cases,
one or more of the conductive paths may extend through a
hole or “via” in the substrate so that, for example, one portion
and one end of the path resides on one major surface, and
another portion and the other end of the path resides on the
opposed major surface of the substrate. Also, in some cases,
some of the wires and conductors of the cable can attach to
conductive paths (e.g. contact pads) on one major surface of
the substrate, while others of the wires and conductors can
attach to conductive paths (e.g. contact pads) on the opposite
major surface of the substrate but at the same end of the
component. This may be accomplished by e.g. slightly bend-
ing the ends of the wires and conductors upward towards one
major surface, or downward towards the other major surface.
In some cases, all of the conductive paths corresponding to
the signal wires and/or drain wires of the shielded cable may
be disposed on one major surface of the substrate. In some
cases, at least one of the conductive paths may be disposed on
one major surface of the substrate, and at least another of the
conductive paths may be disposed on an opposed major sur-
face of the substrate. In some cases, at least one of the con-
ductive paths may have a first portion on a first major surface
of the substrate at the first end, and a second portion on an
opposed second major surface of the substrate at the second
end. In some cases, alternating conductor sets of the shielded
cable may attach to conductive paths on opposite major sur-
faces of the substrate.
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The termination component 11420 or substrate thereofhas
a width w2. In exemplary embodiments, the width w1 of the
cable is not significantly larger than the width w2 of the
component so that, for example, the cable need not be folded
over or bunched together at its end in order to make the
necessary connections between the wires of the cable and the
conductive paths of the component. In some cases wl may be
slightly greater than w2, but still small enough so that the ends
of the conductor sets may be bent in the plane of the cable in
a funnel-type fashion in order to connect to the associated
conductor paths, while still preserving the generally planar
configuration of the cable at and near the connection point. In
some cases, wl may be equal to or less than w2. Conventional
four channel paddle cards currently have a width of 15.6
millimeters, hence, it is desirable in at least some applications
for the shielded cable to have a width of about 16 mm or less,
or about 15 mm or less.

FIGS. 305 and 30c are front cross-sectional views of exem-
plary shielded electrical cables, which figures also depict
parameters useful in characterizing the density of the conduc-
tor sets. Shielded cable 11502 includes at least three conduc-
tor sets 11504a, 115045, and 11504¢, which are shielded
from each other by virtue of first and second shielding films
11508 on opposite sides of the cable, with their respective
cover portions, pinched portions, and transition portions suit-
ably formed. Shielded cable 11602 likewise includes at least
three conductor sets 11604a, 116045, and 11604¢, which are
shielded from each other by virtue of first and second shield-
ing films 11608. The conductor sets of cable 11502 contain
different numbers of insulated conductors 11506, with con-
ductor set 11504a having one, conductor set 115045 having
three, and conductor set 11504¢ having two (for a twinax
design). Conductor sets 11604a, 116045, 11604¢ are all of
twinax design, having exactly two of the insulated conductors
1606. Although not shown in FIGS. 305 and 30c, each cable
11502, 11602 preferably also includes at least one and option-
ally two (or more) drain wires, preferably sandwiched
between the shielding films at or near the edge(s) of the cable
such as shown in FIG. 1 or FIG. 30a.

In FIG. 305 we see some dimensions identified that relate
to the nearest insulated conductors of two adjacent conductor
sets. Conductor set 11504aq is adjacent conductor set 115045.
The insulated conductor 11506 of set 11504a is nearest the set
115045, and the left-most (from the perspective of the draw-
ing) insulated conductor 11506 of set 115045 is nearest the set
11504a. The insulated conductor of set 11504a has an outer
dimension D1, and the left-most insulated conductor of set
115045 has an outer dimension D2. The center-to-center
separation of these insulated conductors is S1. If we define a
parameter Dmin as the lesser of D1 and D2, then we may
specify for a densely packed shielded cable that S1/Dmin is in
a range from 1.7 to 2.

We also see in FIG. 305 that conductor set 115045 is
adjacent conductor set 11504¢. The right-most insulated con-
ductor 11506 of set 115045 is nearest the set 11504¢, and the
left-most insulated conductor 11506 of set 11504¢ is nearest
the set 115045. The right-most insulated conductor 11506 of
set 115045 has an outer dimension D3, and the left-most
insulated conductor 11506 of set 11504¢ has an outer dimen-
sion D4. The center-to-center separation of these insulated
conductors is S3. If we define a parameter Dmin as the lesser
of D3 and D4, then we may specify for a densely packed
shielded cable that S3/Dmin is in a range from 1.7 to 2.

In FIG. 30¢ we see some dimensions identified that relate
to cables having at least one set of adjacent twinax pairs.
Conductor sets 11604a, 116045 represent one such set of
adjacent twinax pairs. The center-to-center spacing or pitch
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between these two conductor sets is expressed as 2. The
center-to-center spacing between signal wires within the twi-
nax conductor set 11604a is expressed as ol. The center-to-
center spacing between signal wires within the twinax con-
ductor set 116045 is expressed as 02. For a densely packed
shielded cable, we may specify that one or both of Z/01 and
2/02 is less than 4, or less than 3, or in a range from 2.5 to 3.

In FIGS. 304 and 30e, we see a top view and side view
respectively of a cable system 11701 which includes a
shielded electrical ribbon cable 11702 in combination with a
termination component 11720 such as a paddle card or the
like. The cable 11702, which may have any of the design
features and characteristics shown and described elsewhere
herein, is shown to have eight conductor sets 11704 and two
drain wires 11712, each of which is disposed at or near a
respective edge of the cable. Each conductor set is substan-
tially a twinax pair, i.e., each includes only two insulated
conductors 11706, each conductor set preferably being tai-
lored to transmit and/or receive high speed data signals. Just
as in FIG. 30a, the number of drain wires (2) is substantially
less than the number of conductor sets (8), allowing the cable
11702 to have a substantially reduced width relative to a cable
having one or two drain wires per conductor set, for example.
Such a reduced width may be realized even in cases where the
drain wires 11712 are spaced relative to the nearest signal
wire (nearest insulated conductor 11706) by at least 0.7 times
the spacing of signal wires in the nearest conductor set, since
only two drain wires (in this embodiment) are involved.

The termination component 11720 has a first end 11720a
and an opposed second end 117204, and includes a suitable
substrate having a first major surface 11720¢ and an opposed
second major surface 117204. Conductive paths 11721 are
provided on at least the first major surface 11720c¢ of the
substrate. Each conductive path typically extends from the
first end 11720a to the second end 117205 of the component.
The conductive paths are shown to include contact pads at
both ends of the component, in the figure the individual wires
and conductors of the cable 11702 are shown as being elec-
trically connected to respective ones of the conductive paths
11721 at the corresponding contact pad. Note that the varia-
tions discussed elsewhere herein regarding placement, con-
figuration, and arrangement of the conductive paths on the
substrate, and placement, configuration, and arrangement of
the various wires and conductors of the cable and their
attached to one or both of the major surfaces of the termina-
tion component, are also intended to apply to the system
11701.

EXAMPLE

A shielded electrical ribbon cable having the general lay-
out of cable 11402 (see FIG. 30a) was fabricated. The cable
utilized sixteen insulated 32 gauge (AWG) wires arranged
into eight twinax pairs for signal wires, and two non-insulated
32 (AWG) wires arranged along the edges of the cable for
drain wires. Each of the sixteen signal wires used had a solid
copper core with silver plating. The two drain wires each had
a stranded construction (7 strands each) and were tin-plated.
The insulation of the insulated wires had a nominal outer
diameter of 0.025 inches. The sixteen insulated and two non-
insulated wires were fed into a device similar to that shown in
FIG. 5¢, sandwiched between two shielding films. The shield-
ing films were substantially identical, and had the following
construction: a base layer of polyester (0.00048 inches thick),
on which a continuous layer of aluminum (0.00028 inches
thick) was disposed, on which a continuous layer of electri-
cally non-conductive adhesive (0.001 inches thick) was dis-
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posed. The shielding films were oriented such that the metal
coatings of the films faced each other and faced the conductor
sets. The process temperature was about 270 degrees F. The
resulting cable made by this process was photographed and is
shown in top view in FIG. 30f; and an oblique view of the end
of'the cable is shown in FIG. 30g. In the figures, 1804 refers
to the twinax conductor sets, and 1812 refers to the drain
wires.

The resulting cable was non-ideal due to lack of concen-
tricity of the solid core in the insulated conductor used for the
signal wires. Nevertheless, certain parameters and character-
istics of the cable could be measured, taking into account
(correcting for) the non-concentricity issue. For example, the
dimensions D, d1, d2 (see FIG. 2¢) were about 0.028 inches,
0.0015 inches, and 0.028 inches, respectively. No portion of
either one of the shielding films had a radius of curvature at
any point along the width of the cable of less than 50 microns,
in transverse cross section. The center-to-center spacing from
a given drain wire to the nearest insulated wire of the nearest
twinax conductor set was about 0.83 mm, and the center-to-
center spacing of the insulated wires within each conductor
set (see e.g. parameters ol and 02 in FIG. 30¢) was about
0.025 inches (0.64 mm). The center-to-center spacing of adja-
cent twinax conductor sets (see e.g. the parameter X in FIG.
30¢) was about 0.0715 inches (1.8 mm). The spacing param-
eter S (see S1 and S3 in FIG. 305) was about 0.0465 inches.
The width of the cable, measured from edge to edge, was
about 16 to 17 millimeters, and the spacing between the drain
wires was 15 millimeters. The cable was readily capable of
mass termination, including the drain wires.

From these values we see that: the spacing from the drain
wire to the nearest signal wire was about 1.3 times the wire-
to-wire spacing within each twinax pair, thus, greater than 0.7
times the wire-to-wire spacing; the cable density parameter
2/o was about 2.86, i.e., in the range from 2.5 to 3; the other
cable density parameter S/Dmin was about 1.7, i.e., in the
range from 1.7 to 2; the ratio d,/D (minimum separation of the
pinched portions of the shielding films divided by the maxi-
mum separation between the cover portions of the shielding
films) was about 0.05, i.e., less than 0.25 and also less than
0.1; the ratio d,/D (minimum separation between the cover
portions of the shielding films in a region between insulated
conductors divided by the maximum separation between the
cover portions of the shielding films) was about 1, i.e., greater
than 0.33.

Note also that the width of the cable (i.e., about 16 mm
edge-to-edge, and 15.0 mm from drain wire to drain wire) was
less than the width of a conventional mini-SAS internal cable
outer molding termination (typically 17.1 mm), and about the
same as the typical width of a mini-SAS paddle card (15.6
mm). A smaller width than the paddle card allows simple
one-to-one routing from the cable to the paddle card with no
lateral adjustment of the wire ends needed. Even if the cable
were slightly wider than the termination board or housing, the
outer wire could be routed or bent laterally to meet the pads on
the outside edges of the board. Physically this cable can
provide a double density versus other ribbon cables, can be
half as thick in an assembly (since one less ribbon is needed),
and can allow for a thinner connector than other common
cables. The cable ends can be terminated and manipulated in
any suitable fashion to connect with a termination component
as discussed elsewhere herein.

We now provide further details regarding shielded ribbon
cables that can employ an on-demand drain wire feature.

In many of the disclosed shielded electrical cables, a drain
wire that makes direct or indirect electrical contact with one
or both of the shielding films makes such electrical contact
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over substantially the entire length of the cable. The drain
wire may then be tied to an external ground connection at a
termination location to provide a ground reference to the
shield so as to reduce (or “drain™) any stray signals that can
produce crosstalk and reduce electromagnetic interference
(EMI). In this section of the detailed description, we more
fully describe constructions and methods that provide elec-
trical contact between a given drain wire and a given shielding
film at one or more isolated areas of the cable, rather than
along the entire cable length. We sometimes refer to the
constructions and methods characterized by the electrical
contact at the isolated area(s) as the on-demand technique.

This on-demand technique may utilize the shielded cables
described elsewhere herein, wherein the cable is made to
include at least one drain wire that has a high DC electrical
resistance between the drain wire and at least one shielding
film over all of, or at least over a substantial portion of, the
length of the drain wire. Such a cable may be referred to, for
purposes of describing the on-demand technique, as an
untreated cable. The untreated cable can then be treated in at
least one specific localized region in order to substantially
reduce the DC resistance and provide electrical contact
(whether direct or indirect) between the drain wire and the
shielding film(s) in the localized region. The DC resistance in
the localized region may for example be less than 10 ohms, or
less than 2 ohms, or substantially zero ohms.

The untreated cable may include at least one drain wire, at
least one shielding film, and at least one conductor set that
includes at least one insulated conductor suitable for carrying
high speed signals. FIG. 314 is a front cross-sectional view of
an exemplary shielded electrical cable 11902 which may
serve as an untreated cable, although virtually any other
shielded cable shown or described herein can also be used.
The cable 11902 includes three conductor sets 11904a,
119045, 11904¢, which each include one or more insulated
conductors, the cable also having six drain wires 11912a-f
which are shown in a variety of positions for demonstration
purposes. The cable 11902 also includes two shielding films
11908 disposed on opposite sides of the cable and preferably
having respective cover portions, pinched portions, and tran-
sition portions. Initially, a non-conductive adhesive material
or other compliant non-conductive material separates each
drain wire from one or both shielding films. The drain wire,
the shielding film(s), and the non-conductive material ther-
ebetween are configured so that the shielding film can be
made to make direct or indirect electrical contact with the
drain wire on demand in a localized or treated region. There-
after, a suitable treatment process is used to accomplish this
selective electrical contact between any of the depicted drain
wires 11912a-f and the shielding films 11908.

FIGS. 315, 31c¢, and 314 are front cross-sectional views of
shielded cables or portions thereof that demonstrate at least
some such treatment processes. In FIG. 31ba, a portion of a
shielded electrical cable 12002 includes opposed shielding
films 12008, each of which may include a conductive layer
120084 and a non-conductive layer 120085. The shielding
films are oriented so that the conductive layer of each shield-
ing film faces a drain wire 12012 and the other shielding film.
In an alternative embodiment, the non-conductive layer of
one or both shielding films may be omitted. Significantly, the
cable 12002 includes a non-conductive material (e.g. a dielec-
tric material) 12010 between the shielding films 12008 and
that separates the drain wire 12012 from each of the shielding
films 12008. In some cases, the material 12010 may be or
comprise a non-conductive compliant adhesive material. In
some cases, the material 12010 may be or comprise a ther-
moplastic dielectric material such as polyolefin at a thickness
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of less than 0.02 mm, or some other suitable thickness. In
some cases, the material 12010 may be in the form of a thin
layer that covers one or both shielding films prior to cable
manufacture. In some cases, the material 12010 may be in the
form of a thin insulation layer that covers the drain wire prior
to cable manufacture (and in the untreated cable), in which
case such material may not extend into the pinched regions of
the cable unlike the embodiment shown in FIGS. 31band 31c.

To make a localized connection, compressive force and/or
heat may be applied within a limited area or zone to force the
shielding films 12008 into permanent electrical contact with
the drain wire 12012 by effectively forcing the material 12010
out of the way. The electrical contact may be direct or indirect,
and may be characterized by a DC resistance in the localized
treated region of less than 10 ohms, or less than 2 ohms, or
substantially zero ohms. (Untreated portions of the drain wire
12012 continue to be physically separated from the shielding
film and would be characterized by a high DC resistance (e.g.
>100 ohms), except of course for the fact that the untreated
portions of the drain wire electrically connect to the shielding
film through the treated portion(s) of the drain wire.) The
treatment procedure can be repeated at different isolated areas
of the cable in subsequent steps, and/or can be performed at
multiple isolated areas of the cable in any given single step.
The shielded cable also preferably contains at least one group
of one ore more insulated signal wires for high speed data
communication. In FIG. 31d, for example, shiclded cable
12102 has a plurality of twinax conductor sets 12104 with
shielding provided by shielding films 12108. The cable 12102
includes drain wires 12112, two of which (121124, 121126)
are shown as being treated in a single step, for example with
pressure, heat, radiation, and/or any other suitable agent,
using treating components 12130. The treating components
preferably have a length (a dimension along an axis perpen-
dicular to the plane of the drawing) which is small compared
to the length of the cable 12102 such that the treated region is
similarly small compared to the length of the cable. The
treatment process for on-demand drain wire contact can be
performed (a) during cable manufacture, (b) after the cable is
cut to length for termination process, (¢) during the termina-
tion process (even simultaneously when the cable is termi-
nated), (d) after the cable has been made into an cable assem-
bly (e.g. by attachment of termination components to both
ends of the cable), or (e) any combination of (a) through (d).

The treatment to provide localized electrical contact
between the drain wire and one or both shielding films may in
some cases utilize compression. The treatment may be carried
out at room temperature with high local force that severely
deforms the materials and causes contact, or at elevated tem-
peratures at which, for example, a thermoplastic material as
discussed above may flow more readily. Treatment may also
include delivering ultrasonic energy to the area in order to
make the contact. Also, the treatment process may be aided by
the use of conductive particles in a dielectric material sepa-
rating the shielding film and drain wire, and/or with asperities
provided on the drain wire and/or shielding film.

FIGS. 31e and 31f are top views of a shielded electrical
cable assembly 12201, showing alternative configurations in
which one may choose to provide on-demand contact
between drain wires and shielding film(s). In both figures, a
shielded electrical ribbon cable 12202 is connected at both
ends thereof to termination components 12220, 12222. The
termination components each comprise a substrate with indi-
vidual conductive paths provided thereon for electrical con-
nection to the respective wires and conductors of the cable
12202. The cable 12202 includes several conductor sets of
insulated conductors, such as twinax conductor sets adapted
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for high speed data communication. The cable 12202 also
includes two drain wires 12212a, 122125. The drain wires
have ends that connect to respective conductive paths of each
termination component. The drain wires are also positioned
near (e.g. covered by) at least one shielding film of the cable,
and preferably are positioned between two such films as
shown for example in the cross-sectional views of FIGS. 31a
and 315. Except for localized treated areas or zones that will
be described below, the drain wires 122124, 122125 do not
make electrical contact with the shielding film(s) at any point
along the length of the cable, and this may be accomplished
by any suitable means e.g. by employing any of the electrical
isolation techniques described elsewhere herein. A DC resis-
tance between the drain wires and the shielding film(s) in the
untreated areas may, for example, be greater than 100 ohms.
However, the cable is preferably treated at selected zones or
areas as described above to provide electrical contact between
a given drain wire and a given shielding film(s). In FIG. 31e,
the cable 12202 has been treated in localized area 12213a to
provide electrical contact between drain wire 12212a and the
shielding film(s), and it has also been treated in localized
areas 122135, 12213¢ to provide electrical contact between
drain wire 122125 and the shielding film(s). In FIG. 31f; the
cable 12202 is shown as being treated in the same localized
areas 12213a and 122135, but also in different localized areas
12213d, 2213e.

Note that in some cases multiple treated areas can be used
for a single drain wire for redundancy or for other purposes. In
other cases, only a single treated area may be used for a given
drain wire. In some cases, a first treated area for a first drain
wire may be disposed at a same lengthwise position as a
second treated area for a second drain wire—see e.g. areas
12213a,122135 of FIGS. 31e, 31/, and see also the procedure
shown in FIG. 31d. In some cases, a treated area for one drain
wire may be disposed at a different lengthwise position than
a treated area for another drain wire—see e.g. areas 12231a
and 12213¢ of FIG. 31e, or areas 122134 and 12213e of FI1G.
31f. In some cases, a treated area for one drain wire may be
disposed at a lengthwise position of the cable at which
another drain wire lacks any localized electrical contact with
the shielding film(s)—see e.g. area 12213¢ of FIG. 31e, or
area 122134 or area 12213¢ of FIG. 31/

FIG. 31g is a top view of another shielded electrical cable
assembly 12301, showing another configuration in which one
may choose to provide on-demand contact between drain
wires and shielding film(s). In assembly 12301, a shielded
electrical ribbon cable 12302 is connected at both ends
thereof to termination components 12320, 12322. The termi-
nation components each comprise a substrate with individual
conductive paths provided thereon for electrical connection
to the respective wires and conductors of the cable 12302. The
cable 12302 includes several conductor sets of insulated con-
ductors, such as twinax conductor sets adapted for high speed
data communication. The cable 12302 also includes several
drain wires 12312a-d. The drain wires have ends that connect
to respective conductive paths of each termination compo-
nent. The drain wires are also positioned near (e.g. covered
by) at least one shielding film of the cable, and preferably are
positioned between two such films as shown for example in
the cross-sectional views of FIGS. 31a and 3154. Except for
localized treated areas or zones that will be described below,
at least the drain wires 1123124, 1123124 do not make elec-
trical contact with the shielding film(s) at any point along the
length of the cable, and this may be accomplished by any
suitable means e.g. by employing any of the electrical isola-
tion techniques described elsewhere herein. A DC resistance
between these drain wires and the shielding film(s) in the
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untreated areas may, for example, be greater than 100 ohms.
However, the cable is preferably treated at selected zones or
areas as described above to provide electrical contact between
these drain wires and a given shielding film(s). In the figure,
the cable 12302 is shown to be treated in localized area
12313a to provide electrical contact between drain wire
12312a and the shielding film(s), and is also shown to be
treated in localized areas 123135, 12313¢ to provide electri-
cal contact between drain wire 2312d and the shielding
film(s). One or both of the drain wires 123135, 12312¢ may be
of the type that are suitable for localized treatment, or one or
both may be made in a more standard manner in which they
make electrical contact with the shielding film(s) along sub-
stantially their entire length during cable manufacture.

Examples

Two examples are presented in this section. First, two
substantially identical untreated shielded electrical ribbon
cables were made with the same number and configuration of
conductor sets and drain wires as the shielded cable shown in
FIG. 31d. Each cable was made using two opposed shielding
films having the same construction: a base layer of polyester
(0.00048 inches thick), on which a continuous layer of alu-
minum (0.00028 inches thick) was disposed, on which a
continuous layer of electrically non-conductive adhesive
(0.001 inch thick) was disposed. The eight insulated conduc-
tors used in each cable to make the four twinax conductor sets
were 30 gauge (AWG), solid core, silver plated copper wire.
The eight drain wires used for each cable were 32 gauge
(AWG), tin-plated, 7-stranded wires. The settings used for the
manufacturing process were adjusted so that a thin layer (less
than 10 micrometers) of the adhesive material (a polyolefin)
remained between each drain wire and each shielding film to
prevent electrical contact therebetween in the untreated
cables. The two untreated cables were each cut to a length of
about 1 meter, and were mass stripped at one end.

A first one of these untreated cables was initially tested to
determine if any of the drain wires were in electrical contact
with either of the shielding films. This was done by connect-
ing a micro-ohmmeter at the stripped end of the cable to all 28
possible combinations of two drain wires. These measure-
ments yielded no measurable DC resistance for any of the
combinations—i.e., all combinations produced DC resis-
tances well over 100 ohms. Then, two adjacent drain wires, as
depicted in FIG. 31d, were treated in one step to provide
localized areas of contact between those drain wires and the
two shielding films. Another two adjacent drain wires, e.g.,
the two adjacent wires labeled 12112 at the left side of FIG.
31d, were also treated in the same way in a second step. Each
treatment was accomplished by compressing a portion of the
cable with a tool that was about 0.25 inches long and 0.05
inches wide, the tool width covering two adjacent drain wires
at one lengthwise position of the cable. Each treated portion
was about 3 cm from one end of the cable. In this first
example, the tool temperature was 220 degrees C., and a force
of'about 75-150 pounds was applied for 10 seconds for each
treatment. The tool was then removed and the cable allowed
to cool. The micro-ohmmeter was then connected at the end
of the cable opposite the treated end, and all 28 possible
combinations of two drain wires were again tested. The DC
resistance of one pair (two of the treated drain wires) was
measured as 1.1 ohms, and the DC resistance of all other
combinations of two drain wires (measured at the end of the
cable opposite the treated end) was not measureable, i.e., was
well over 100 ohms.

The second one of the untreated cables was also initially
tested to determine if any of the drain wires were in electrical
contact with either of the shielding films. This was again done
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by connecting a micro-ohmmeter at the stripped end of the
cable to all 28 possible combinations of two drain wires, and
the measurements again yielded no measurable DC resistance
for any of the combinations—i.e., all combinations produced
DC resistances well over 100 ohms. Then, two adjacent drain
wires, as depicted in FIG. 21, were treated in a first step to
provide localized areas of contact between those drain wires
and the two shielding films. This treatment was done with the
same tool as in example 1, and the treated portion was about
3 cm from a first end of the cable. In a second treatment step,
the same two drain wires were treated under the same condi-
tions as the first step, but ata position 3 cm from a second end
of'the cable opposite the first end. In a third step, another two
adjacent drain wires, e.g., the two adjacent wires labeled
12112 at the left side of FIG. 31d, were treated in the same
way as the first step, again 3 cm from the first end of the cable.
In a fourth treatment step, the same two drain wires treated in
step 3 were treated under the same conditions, but at a treat-
ment location 3 cm from the second end of the cable. In this
second example, the tool temperature was 210 degrees C., and
aforce ofabout 75-150 pounds was applied for 10 seconds for
each treatment step. The tool was then removed and the cable
allowed to cool. The micro-ohmmeter was then connected at
one end of the cable, and all 28 possible combinations of two
drain wires were attain tested. An average DC resistance of
0.6 ohms was measured for five of the combinations (all five
of these combinations involving the four drain wires having
treated areas), and a DC resistance of 21.5 ohms was mea-
sured as for the remaining combination involving the four
drain wires having treated areas. The DC resistance of all
other combinations of two drain wires was not measureable,
i.e., was well over 100 ohms.

FIG. 32a is a photograph of one of the shielded electrical
cables that was fabricated and treated for these examples.
Four localized treated areas can be seen. FIG. 325 is an
enlarged detail of a portion of FIG. 32a, showing two of the
localized treated areas. FIG. 32¢ is a schematic representation
of a front elevational view of the front cross-sectional layout
of the cable of FIG. 32a.

We now provide further details regarding shielded ribbon
cables that can employ multiple drain wires, and unique com-
binations of such cables with one or more termination com-
ponents at one or two ends of the cable.

Conventional coaxial or twinax cable uses multiple inde-
pendent groups of wires, each with their own drain wires to
make ground connection between the cable and the termina-
tion point. An advantageous aspect of the shielded cables
described herein is that they can include drain wires in mul-
tiple locations throughout the structure, as was shown e.g. in
FIG. 31a. Any given drain wire can be directly (DC) con-
nected to the shield structure, AC connected to the shield (low
impedance AC connection), or can be poorly or not connected
at all to the shield (high AC impedance). Because the drain
wires are elongated conductors, they can extend beyond the
shielded cable and make connection to the ground termina-
tion of a mating connector. An advantage of the disclosed
cables is that in general fewer drain wires can be used in some
applications since the electrical shields provided by the
shielding films are common for the entire cable structure.

We have found that one can use the disclosed shielded
cables to advantageously provide a variety of different drain
wire configurations that can interconnect electrically through
the conductive shield of the shielded ribbon cable. Stated
simply, any of the disclosed shielded cables may include at
least a first and second drain wire. The first and second drain
wires may extend along the length of the cable, and may be
electrically connected to each other at least as a result of both
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of them being in electrical contact with a first shielding film.
This cable may be combined with one or more first termina-
tion components at a first end of the cable and one or more
second termination components at a second end of the cable.
In some cases, the first drain wire may electrically connect to
the one or more first termination components but may not
electrically connect to the one or more second termination
components. In some cases, the second drain wire may elec-
trically connect to the one or more second termination com-
ponents but may not electrically connect to the one or more
first termination components.

The first and second drain wires may be members of a
plurality of drain wires extending along the length of the
cable, and a number nl of the drain wires may connect to the
one or more first termination components, and a number n2 of
the drain wires may connect to the one or more second ter-
mination components. The number nl1 may not be equal to n2.
Furthermore, the one or more first termination components
may collectively have a number m1 of first termination com-
ponents, and the one or more second termination components
may collectively have a number m2 of second termination
components. In some cases, n2>nl, and m2>ml. In some
cases, m1=1. In some cases, m1=m2. In some cases, m1<m2.
In some cases, m1>1 and m2>1.

Arrangements such as these provides the ability to connect
one drain wire to an external connection and have one or more
other drain wires be connected only to the common shield,
thereby effectively tying all of them to the external ground.
Thus, advantageously, not all drain wires in the cable need to
connected to the external ground structure, which can be used
to simplify the connection by requiring fewer mating connec-
tions at the connector. Another potential advantage is that
redundant contacts can be made if more than one of the drain
wire is connected to the external ground and to the shield. In
such cases, one may fail to make contact to the shield or the
external ground with one drain wire, but still successfully
make electrical contact between the external ground and the
shield through the other drain wire. Further, if the cable
assembly has a fan-out configuration, wherein one end of the
cable is connected to one external connector (m1=1) and
common ground, and the other end is tied to multiple connec-
tors (m2>1), then fewer connections (nl) can be made on the
common end than are used (n2) for the multiple connector
ends. The simplified grounding offered by such configura-
tions may provide benefits in terms of reduced complexity
and reduced number of contact pads required at the termina-
tions.

In many of these arrangements, the unique interconnected
nature of the drain wires through the shielding film(s), pro-
vided of course all of the drain wires at issue are in electrical
contact with the shielding film(s), is used to simplify the
termination structure and can provide a tighter (narrower)
connection pitch. One straightforward embodiment is where
a shielded cable that includes high speed conductor sets and
multiple drain wires is terminated at both ends to one con-
nector at each end, and fewer than all of the drain wires are
terminated at each end, but each drain wire terminated at one
end is also terminated at the other end. The drain wires that are
not terminated are still maintained at low potential since they
are also directly or indirectly tied to ground. In a related
embodiment, one of the drain wires may be connected at one
end but not connected (either intentionally or in error) at the
other end. Again in this situation, the ground structure is
maintained as long as one drain wire is connected at each end.
In another related embodiment, the drain wire(s) attached at
one end are not the same as the drain wire(s) that are attached
at the other end. A simple version of this is depicted in FIG.
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32d. In that figure, a cable assembly 12501 includes a
shielded electrical cable 12502 connected at one end to a
termination component 12520 and connected at the other end
to a termination component 12522. The cable 12502 may be
virtually any shielded cable shown or described herein, so
long as it includes a first drain wire 12512a and a second drain
wire 125125 that are both electrically connected to at least
one shielding film. As shown, the drain wire 125125 connects
to component 12520 but not to component 12522, and drain
wire 125124 connects to component 12522 but not to com-
ponent 12520. Since the ground potential (or other controlled
potential) is shared among the drain wires 12512a, 125125
and the shielding film of the cable 12502 by virtue of their
mutual electrical connections, the same potential is main-
tained in the structure due to the common grounding. Note
that both termination components 12520, 12522 could advan-
tageously be made smaller (narrower) by eliminating the
unused conduction path.

A more complex embodiment demonstrating these tech-
niques is shown in FIGS. 32¢-32f. In those figures, a shielded
cable assembly 12601 has a fan-out configuration. The
assembly 12601 includes a shielded electrical ribbon cable
12602 connected at a first end to a termination component
12620, and connected at a second end (which is split into
three separate fan-out sections) to termination components
12622,12624,12626. As best seen in the cross-sectional view
of FIG. 32e, taken along lines 265-265 of FIG. 32e, the cable
12602 includes three conductor sets of insulated conductors,
one coaxial type and two twinax types, and eight drain wires
12612a-/. The eight drain wires are all electrically connected
to at least one, and preferably two shielding films in the cable
12602. The coaxial conductor set connects to termination
component 12626, one twinax conductor set connects to ter-
mination component 12624, and the other twinax conductor
set connects to termination component 12622, and all three
conductor sets connect to the termination component 12620
at the first end of the cable. All eight of the drain wires may be
connected to the termination components at the second end of
the cable, i.e., drain wires 12612a, 126125, and 12612¢ may
be connected to appropriate conductive paths on termination
component 12626, and drain wires 12612d and 12612¢ may
be connected to appropriate conductive paths on termination
component 12624, and drain wires 12612f'and 12612g may
be connected to appropriate conductive paths on termination
component 12622. Advantageously, however, less than all
eight of the drain wires can be connected to the termination
component 12620 at the first end of the cable. In the figure,
only drain wires 12612a and 12612/ are shown as being
connected to appropriate conductive paths on the component
12620. By omitting termination connections between the
drain wires 12612b-g and termination component 12620, the
manufacture of the assembly 12601 is simplified and stream-
lined. Yet, for example, the drain wires 126124 and 12612¢
adequately tie the conductive paths to ground potential (or
another desired potential) even though neither of them is
physically connected to the termination component 12620.

Withregard to the parameters n1,n2, m1, and m2 discussed
above, the cable assembly 12601 has n1=2, n2=8, m1=1, and
m2=3.

Another fan-out shielded cable assembly 12701 is shown
in FIGS. 33a-b. The assembly 12701 includes a shielded
electrical ribbon cable 12702 connected at a first end to a
termination component 12720, and connected at a second end
(which is split into three separate fan-out sections) to termi-
nation components 12722, 12724, 12726. As best seen in the
cross-sectional view of FIG. 335, taken along lines 276-27b
of FIG. 334, the cable 12702 includes three conductor sets of
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insulated conductors, one coaxial type and two twinax types,
and eight drain wires 12712a-%. The eight drain wires are all
electrically connected to at least one, and preferably two
shielding films in the cable 12702. The coaxial conductor set
connects to termination component 12726, one twinax con-
ductor set connects to termination component 12724, and the
other twinax conductor set connects to termination compo-
nent 12722, and all three conductor sets connect to the termi-
nation component 12720 at the first end of the cable. Six of the
drain wires may be connected to the termination components
at the second end of the cable, i.e., drain wires 127126 and
12712¢ may be connected to appropriate conductive paths on
termination component 12726, and drain wires 12712d and
12712¢ may be connected to appropriate conductive paths on
termination component 2724, and drain wires 12712f and
12712g may be connected to appropriate conductive paths on
termination component 12722. None of those six drain wires
are connected to the termination component 12720 on the first
end of the cable. At the first end of the cable, the other two
drain wires, i.e., drain wires 12712a and 12712/, are con-
nected to appropriate conductive paths on the component
2720. By omitting termination connections between the drain
wires 12712b-g and termination component 12720, and
between drain wire 12712a and termination component 2726,
and between drain wire 12712/ and termination component
12722, the manufacture of the assembly 12701 is simplified
and streamlined.

With regard to the parameters n1, n2, m1, and m2 discussed
above, the cable assembly 12701 has n1=2, n2=6, m1=1, and
m2=3.

Many other embodiments are possible, but in general it can
be advantageous to utilize the shield of the cable to connect
two separate ground connections (conductors) together to
ensure that the grounding is complete and at least one ground
is connected to each termination location at each end of the
cable, and more than two for a fanout cable. This means that
each drain wire does not need to be connected to each termi-
nation point. If more than one drain wire is connected at any
end, then the connection is made redundant and less prone to
failure.

We now provide further details regarding shielded ribbon
cables that can employ mixed conductor sets, e.g., a conduc-
tor set adapted for high speed data transmission and another
conductor set adapted for power transmission or low speed
data transmission. Conductor sets adapted for power trans-
mission or low speed data transmission can be referred to as
a sideband.

Some interconnections and defined standards for high
speed signal transmission allow for both high speed signal
transmission (provided e.g. by twinax or coax wire arrange-
ments) and low speed or power conductors, both of which
require insulation on the conductors. An example of this is the
SAS standard which defines high speed pairs and “sidebands”
included in its mini-SAS 4/ interconnection scheme. While
the SAS standard indicates sideband usage is outside its scope
and vendor-specific, a common sideband use is a SGPIO
(Serial General Purpose Input Output) bus, as described in
industry specification SFF-8485. SGPIO has a clock rate of
only 100 kHz, and does not require high performance
shielded wire.

This section therefore focuses on aspects of cables that are
tailored to transmit both high speed signals and low speed
signals (or power transmission), including cable configura-
tion, termination to a linear contact array, and the termination
component (e.g. paddle card) configuration. In general, the
shielded electronic ribbon-like cables discussed elsewhere
herein can be used with slight modification. Specifically, the
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disclosed shielded cables can be modified to include insulated
wires in the construction that are suitable for low speed signal
transmission but not high speed signal transmission, in addi-
tion to the conductor sets that are adapted for high speed data
transmission, and the drain/ground wires that may also be
included. The shielded cable may thus include at least two
sets of insulated wires that carry signals whose data rates are
significantly different. Of course, in the case of a power
conductor, the line does not have a data rate. We also disclose
termination components for the combination high speed/low
speed shielded cables in which conductive paths for the low
speed conductors are re-routed between opposite ends of the
termination component, e.g., between the termination end
and a connector mating end.

Stated differently, a shielded electrical cable may include a
plurality of conductor sets and a first shielding film. The
plurality of conductor sets may extend along a length of the
cable and be spaced apart from each other along a width of the
cable, each conductor set including one or more insulated
conductors. The first shielding film may include cover por-
tions and pinched portions arranged such that the cover por-
tions cover the conductor sets and the pinched portions are
disposed at pinched portions of the cable on each side of each
conductor set. The plurality of conductor sets may include
one or more first conductor sets adapted for high speed data
transmission and one or more second conductor sets adapted
for power transmission or low speed data transmission.

The electrical cable may also include a second shielding
film disposed on an opposite side of the cable from the first
shielding film. The cable may include a first drain wire in
electrical contact with the first shielding film and also extend-
ing along the length of the cable. The one or more first
conductor sets may include a first conductor set comprising a
plurality of first insulated conductors having a center-to-cen-
ter spacing of o1, and the one or more second conductor sets
may include a second conductor set comprising a plurality of
second insulated conductors having a center-to-center spac-
ing of 02, and ol may be greater than 02. The insulated
conductors of the one or more first conductor sets may all be
arranged in a single plane when the cable is laid flat. Further-
more, the one or more second conductor sets may include a
second conductor set having a plurality of the insulated con-
ductors in a stacked arrangement when the cable is laid flat.
The one or more first conductor sets may be adapted for
maximum data transmission rates of at least 1 Gbps (i.e.,
about 0.5 GHz), up to e.g. 25 Gbps (about 12.5 GHz) or more,
or for a maximum signal frequency of at least 1 GHz, for
example, and the one or more second conductor sets may be
adapted for maximum data transmission rates that are less
than 1 Gbps (about 0.5 GHz), or less than 0.5 Gbps (about 250
MHz), for example, or for a maximum signal frequency of
less than 1 GHz or 0.5 GHz, for example. The one or more first
may be adapted for maximum data transmission rates of at
least 3 Gbps (about 1.5 GHz).

Such an electrical cable may be combined with a first
termination component disposed at a first end of the cable.
The first termination component may include a substrate and
a plurality of conductive paths thereon, the plurality of con-
ductive paths having respective first termination pads
arranged on a first end of the first termination component. The
shielded conductors of the first and second conductor sets
may connect to respective ones of the first termination pads at
the first end of the first termination component in an ordered
arrangement that matches an arrangement of the shielded
conductors in the cable. The plurality of conductive paths
may have respective second termination pads arranged on a
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second end of the first termination component that are in a
different arrangement than that of the first termination pads
on the first end.

The conductor set(s) adapted for power transmission and/
or lower speed data transmission may include groups of, or
individual, insulated conductors that do not necessarily need
to be shielded from one another, do not necessarily require
associated ground or drain wires, and may not need to have a
specified impedance. The benefit of incorporating them
together in a cable having high speed signal pairs is that they
can be aligned and terminated in one step. This differs from
conventional cables, which require handling several wire
groups without the automatic alignment to a paddle card, for
example. The simultaneous stripping and termination process
(to a linear array on a single paddle card or linear array of
contacts) for both the low speed signals and the high speed
signals is particularly advantageous, as is the mixed signal
wire cable itself.

FIGS. 33c¢-f are front cross-sectional views of exemplary
shielded electrical cables 12802a, 1280254, 12802¢, and
128024 that can incorporate the mixed signal wire feature.
Each of the embodiments preferably include two opposed
shielding films as discussed elsewhere herein, with suitable
cover portions and pinched portions, and some shielded con-
ductors grouped into conductor sets adapted for high speed
data transmission (see conductor sets 12804a), and some
shielded conductors grouped into conductor sets adapted for
low speed data transmission or power transmission (see con-
ductor sets 128045, 12804¢). Each embodiment also prefer-
ably includes one or more drain wires 12812. The high speed
conductor sets 12804a are shown as twinax pairs, but other
configurations are also possible as discussed elsewhere
herein. The lower speed insulated conductors are shown as
being smaller (having a smaller diameter or transverse dimen-
sion) than the high speed insulated conductors, since the
former conductors may not need to have a controlled imped-
ance. In alternative embodiments it may be necessary or
advantageous to have a larger insulation thickness around the
low speed conductors compared to the high speed conductors
in the same cable. However, since space is often at a premium,
it is usually desirable to make the insulation thickness as
small as possible. Note also that wire gauge and plating may
be different for the low speed lines compared to the high
speed lines in a given cable. In FIGS. 33¢-f, the high speed and
low speed insulated conductors are all arranged in a single
plane. In such configurations, it can be advantageous to group
multiple low speed insulated conductors together in a single
set, as in conductor set 128045, to maintain as small a cable
width as possible.

When grouping the low speed insulated conductors into
sets, the conductors need not be disposed in exactly the same
geometrical plane in order for the cable to retain a generally
planar configuration. Shielded cable 12902 of FIG. 33g, for
example, utilizes low speed insulated conductors stacked
together in a compact space to form conductor set 129045, the
cable 12902 also including high speed conductor sets 12904a
and 12904c¢. Stacking the low speed insulated conductors in
this manner helps provide a compact and narrow cable width,
but may not provide the advantage of having the conductors
lined up in an orderly linear fashion (for mating with a linear
array of contacts on a termination component) after mass
termination. The cable 12902 also includes opposed shielding
films 12908 and drain wires 12912, as shown. In alternative
embodiments involving different numbers of low speed insu-
lated conductors, stacking arrangements for the low speed
insulated conductors such as shown in sets 12904d-/ of F1G.
33/ may also be used.
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Another aspect of mixed signal wire shielded cable relates
to termination components used with the cables. In particular,
conductor paths on a substrate of the termination component
can be configured to re-route low speed signals from one
arrangement on one end of the termination component (e.g. a
termination end of the cable) to a different arrangement on an
opposite end of the component (e.g. a mating end for a con-
nector). The different arrangement may for example com-
prise a different order of contacts or of conductor paths on one
end relative to another end of the termination component. The
arrangement on the termination end of the component may be
tailored to match the order or arrangement of conductors in
the cable, while the arrangement on an opposite end of the
component may be tailored to match a circuit board or con-
nector arrangement different from that of the cable.

The re-routing may be accomplished by utilizing any suit-
able technique, including in exemplary embodiments using
one or more vias in combination with a multi-layer circuit
board construction to transition a given conductive path from
a first layer to at least a second layer in the printed circuit
board, and then optionally transitioning back to the first layer.
Some examples are shown in the top views of FIGS. 344 and
34b.

In FIG. 34a, a cable assembly 13001« includes a shielded
electrical cable 13002 connected to a termination component
13020 such as a paddle card or circuit board, having a sub-
strate and conductive paths (including e.g. contact pads)
formed thereon. The cable 13002 includes conductor sets
130044, e.g. in the form of twinax pairs, adapted for high
speed data communication. The cable 13002 also includes a
sideband comprising a conductor set 130045 adapted for low
speed data and/or power transmission, the conductor set
130045 having four insulated conductors in this embodiment.
After the cable 13002 has been mass terminated, the conduc-
tors of the various conductor sets have conductor ends that are
connected (e.g. by soldering) to respective ends (e.g. contact
pads) of the conductive paths on the termination component
13020, at a first end 31020a of the component. The contact
pads or other ends of the conductive paths corresponding to
the sideband of the cable are labeled 13019a, 130195,
13019¢, 130194, and they are arranged in that order from top
to bottom of the termination component 13020 (although
other contact pads, associated with high speed conductors,
are present above and below the sideband contact pads on the
first end 13020q). The conductive paths for the sideband
contact pads 130194-d, which are shown only schematically
in the figure, utilize vias and/or other patterned layers of the
component 13020 as needed to connect contact pad 130194 to
contact pad 13021a on the second end 130206 of the compo-
nent, and to connect contact pad 1301956 to contact pad
130215 on the second end 130205 of the component, and to
connect contact pad 13019¢ to contact pad 13021¢ on the
second end 1302056 of the component, and to connect contact
pad 130194 to contact pad 13021d on the second end 130205
of'the component. In this way, conductor paths on the termi-
nation component are configured to re-route low speed sig-
nals from conductor set 130045 from one arrangement (a-b-
c-d) on one end 130204 of the termination component to a
different arrangement (d-a-c-b) on the opposite end 130205
of'the component.

FIG. 345 shows a top view of an alternative cable assembly
130015, and similar reference numerals are used to identity
the same or similar parts. In FIG. 345, the cable 13002 is mass
terminated and connected to a termination component 13022
which is similar in design to termination component 13020 of
FIG. 34a. Like component 13020, component 13022 includes
contact pads or other ends of conductive paths corresponding
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to the sideband of the cable 13002, the contact pads being
labeled 13023a, 130235, 13023¢, 130234, and they are
arranged in that order from top to bottom of the termination
component 13022 (although other contact pads, associated
with high speed conductors of the cable, are present above
and below the sideband contact pads on the first end 13022a
of'the component 13022). The conductive paths for the side-
band contact pads 13023a-d are again shown only schemati-
cally in the figure. They utilize vias and/or other patterned
layers of the component 13022 as needed to connect contact
pad 130234 to contact pad 130254 on the second end 130225
of the component, and to connect contact pad 130235 to
contact pad 130254 on the second end 130225 of the compo-
nent, and to connect contact pad 13023¢ to contact pad
13025¢ on the second end 130225 of the component, and to
connect contact pad 13023d to contact pad 130254 on the
second end 130225 of the component. In this way, conductor
paths on the termination component are configured to re-
route low speed signals from conductor set 30045 from one
arrangement (a-b-c-d) on one end 130224 of the termination
component to a different arrangement (a-c-b-d) on the oppo-
site end 130225 of the component.

The cable assemblies of FIGS. 34a and 34b are similar to
each other insofar as, in both cases, the termination compo-
nent physically re-routes conductive paths for low speed sig-
nals across other conductive paths for other low speed signals,
but not across any conductive paths for high speed signals. In
this regard, it is usually not desirable to route low speed
signals across a high speed signal path in order to maintain a
high quality high speed signal. In some circumstances, how-
ever, with proper shielding (e.g. a many layer circuit board
and adequate shielding layers), this may be accomplished
with limited signal degradation in the high speed signal path
as shown in FIG. 34c¢. There, a shielded electrical cable
13102, which has been mass terminated, connects to a termi-
nation component 13120. The cable 13102 includes conduc-
tor sets 131044, e.g. in the form of twinax pairs, adapted for
high speed data communication. The cable 13102 also
includes a sideband comprising a conductor set 131045
adapted for low speed data and/or power transmission, the
conductor set 130045 having one insulated conductor in this
embodiment. After the cable 13102 has been mass termi-
nated, the conductors of the various conductor sets have con-
ductor ends that are connected (e.g. by soldering) to respec-
tive ends (e.g. contact pads) of the conductive paths on the
termination component 13120, at a first end 13120a of the
component. The contact pad or other end of the conductive
path corresponding to the sideband of the cable is labeled
13119a, and it is arranged immediately above (from the per-
spective of FIG. 34¢) contact pads for the middle one of the
conductor sets 13104a. The conductive path for the sideband
contact pad 131194, which is shown only schematically in the
figure, utilizes vias and/or other patterned layers of the com-
ponent 13120 as needed to connect contact pad 13119« to
contact pad 13121a on the second end 131205 of the compo-
nent. In this way, conductor paths on the termination compo-
nent are configured to re-route a low speed signal from con-
ductor set 131045 from one arrangement (immediately above
the middle one of conductor sets 13104a) on one end 13120a
of'the termination component to a different arrangement (im-
mediately below the contact pads for the middle one of con-
ductor sets 13104a) on the opposite end 131205 of the com-
ponent.

A mixed signal wire shielded electrical cable having the
general design of cable 128024 in FIG. 33¢ was fabricated. As
shown in FIG. 33c¢, the cable included four high speed twinax
conductor sets and one low speed conductor set disposed in
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the middle of the cable. The cable was made using 30 gauge
(AWG) silver-plated wires for the high speed signal wires in
the twinax conductor sets, and 30 gauge (AWG) tin-plated
wires for the low speed signal wire in the low speed conductor
set. The outside diameter (OD) of the insulation used for the
high speed wires was about 0.028 inches, and the OD of the
insulation used for the low speed wires was about 0.022
inches. A drain wire was also included along each edge of the
cable as shown in FIG. 33¢. The cable was mass stripped, and
individual wire ends were soldered to corresponding contacts
on a mini-SAS compatible paddle card. In this embodiment,
all conductive paths on the paddle card were routed from the
cable end of the paddle card to the opposite (connector) end
without crossing each other, such that the contact pad con-
figuration was the same on both ends of the paddle card. A
photograph of the resulting terminated cable assembly is
shown in FIG. 344.

In reference now to FIGS. 354 and 355, respective perspec-
tive and cross sectional views shows a cable construction
according to an example embodiment of the invention. Gen-
erally, an electrical ribbon cable 20102 includes one or more
conductor sets 20104.

Each conductor set 20104 includes two or more conductors
(e.g., wires) 20106 extending from end-to-end along the
length of the cable 20102. Each of the conductors 20106 is
encompassed by a first dielectric 20108 along the length of
the cable. The conductors 20106 are affixed to first and sec-
ond films 20110, 20112 that extend from end-to-end of the
cable 20102 and are disposed on opposite sides of the cable
20102. A consistent spacing 20114 is maintained between the
first dielectrics 20108 of the conductors 106 of each conduc-
tor set 20104 along the length of the cable 20102. A second
dielectric 20116 is disposed within the spacing 20114. The
dielectric 20116 may include an air gap/void and/or some
other material.

The spacing 20114 between members of the conductor sets
20104 can be made consistent enough such that the cable
20102 has equal or better electrical characteristics than a
standard wrapped twinax cable, along with improved ease of
termination and signal integrity of the termination. The films
20110, 20112 may include shielding material such as metallic
foil, and the films 20110, 20112 may be conformably shaped
to substantially surround the conductor sets 20104. In the
illustrated example, films 20110, 20112 are pinched together
to form flat portions 20118 extending lengthwise along the
cable 20102 outside of and/or between conductor sets 20104.
In the flat portions 29118, the films 20110, 20112 substan-
tially surround the conductor sets 20104, e.g., surround a
perimeter of the conductor sets 20104 except where a small
layer (e.g., of insulators and/or adhesives) the films 20110,
20112 join each other. For example, cover portions of the
shielding films may collectively encompass at least 75%, or at
least 80%, or at least 85%, or at least 90%, ofthe perimeter of
any given conductor set. While the films 20110, 20112 may
be shown here (and elsewhere herein) as separate pieces of
film, those of skill in the art will appreciate that the films
20110, 20112 may alternatively be formed from a single sheet
of film, e.g., folded around a longitudinal path/line to encom-
pass the conductor sets 20104.

The cable 20102 may also include additional features, such
as one or more drain wires 20120. The drain wires 20120 may
be electrically coupled to shielded films 20110, 20112 con-
tinually or at discrete locations along the length of the cable
20102. Generally the drain wire 20102 provides convenient
access at one or both ends of the cable for electrically termi-
nating (e.g., grounding) the shielding material. The drain wire
20120 may also be configured to provide some level of DC
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coupling between the films 20110, 20112, e.g., where both
films 20110, 20112 include shielding material.

In reference now to FIGS. 35a-¢, cross-section diagrams
illustrate various alternate cable construction arrangements,
wherein the same reference numbers may be used to indicate
analogous components as in other figures. In FIG. 35¢, cable
20202 may be of a similar construction as shown in FIGS.
35a-b, however only one film 20110 is conformably shaped
around the conductor sets to form pinched/flat portions
20204. The other film 20112 is substantially planar on one
side of the cable 20202. This cable 20202 (as well as cables
20212 and 20222 in FIGS. 35d-¢) uses air in the gaps 20114
as a second dielectric between first dielectrics 20108, there-
fore there is no explicit second dielectric material 20116
shown between closest points of proximity of the first dielec-
trics 20108. Further, a drain wire is not shown in these alter-
nate arrangements, but can be adapted to include drain wires
as discussed elsewhere herein.

In FIGS. 354 and 35e, cable arrangements 20212 and
20222 may be of a similar construction as those previously
described, but here both films are configured to be substan-
tially planar along the outer surfaces of the cables 20212,
20222. In cable 20212, there are voids/gaps 20214 between
conductor sets 20104. As shown here, these gaps 20214 are
larger than gaps 114 between members of the sets 20104,
although this cable configuration need not be so limited. In
addition to this gap 20214, cable 20222 of FIG. 35¢ includes
supports/spacers 20224 disposed in the gap 20214 between
conductor sets 20104 and or outside of the conductor sets
20104 (e.g., between a conductor set 20104 and a longitudinal
edge of the cable).

The supports 20224 may be fixably attached (e.g., bonded)
to films 20110, 20112 and assist in providing structural stiff-
ness and/or adjusting electrical properties of the cable 20222.
The supports 20224 may include any combination of dielec-
tric, insulating, and/or shielding materials for tuning the
mechanical and electrical properties of the cable 20222 as
desired. The supports 20224 are shown here as circular in
cross-section, but be configured as having alternate cross
sectional shapes such as ovular and rectangular. The supports
20224 may be formed separately and laid up with the con-
ductor sets 104 during cable construction. In other variations,
the supports 20224 may be formed as part of the films 110,
112 and/or be assembled with the cable 20222 in a liquid form
(e.g., hot melt).

The cable constructions 20102, 20202, 20212, 20222
described above may include other features not illustrated.
For example, in addition to signal wires, drain wires, and
ground wires, the cable may include one or more additional
isolated wires sometime referred to as sideband. Sideband
can be used to transmit power or any other signals of interest.
Sideband wires (as well as drain wires) may be enclosed
within the films 110, 20112 and/or may be disposed outside
the films 20110, 20112, e.g., being sandwiched between the
films and an additional layer of material.

The variations described above may utilize various com-
binations of materials and physical configurations based on
the desired cost, signal integrity, and mechanical properties of
the resulting cable. One consideration is the choice of the
second dielectric material 20116 positioned in the gap 20114
between conductor sets 20104. This second dielectric may be
particular of interest in cases where the conductor sets include
a differential pair, are one ground and one signal, and/or are
carrying two interfering signals. For example, use of an air
gap 20114 as a second dielectric may result in a low dielectric
constant and low loss. Use of an air gap 20114 may also have
other advantages, such as low cost, low weight, and increased
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cable flexibility. However, precision processing may be
required to ensure consistent spacing of the conductors that
form the air gaps 20114 along a length of the cable.

In reference now to FIG. 35/, a cross sectional view of a
conductor set 104 identifies parameters of interest in main-
taining a consistent dielectric constant between conductors
20106. Generally, the dielectric constant of the conductor set
20104 may be sensitive to the dielectric materials between the
closest points of proximity between the conductors of the set
20104, as represented here by dimension 20300. Therefore, a
consistent dielectric constant may be maintained by main-
taining a consistent thicknesses 20302 of the dielectric 20108
and consistent size of gap 20114 (which may be an air gap or
filled with another dielectric material such as dielectric 20116
shown in FIG. 35q).

It may be desirable to tightly control geometry of coatings
of both the conductor 20106 and the conductive film 20110,
20112 in order to ensure consistent electrical properties along
the length of the cable. For the wire coating, this may involve
coating the conductor 20106 (e.g., solid wire) precisely with
uniform thickness of insulator/dielectric material 20108 and
ensuring the conductor 20106 is well-centered within the
coating 20108. The thickness of the coating 20108 can be
increased or decreased depending on the particular properties
desired for the cable. In some situations, a conductor with no
coating may offer optimal properties (e.g., dielectric con-
stant, easier termination and geometry control), but for some
applications industry standards require that a primary insula-
tion of a minimum thickness is used. The coating 20108 may
also be beneficial because it may be able to bond to the
dielectric substrate material 20110, 20112 better than bare
wire. Regardless, the various embodiments described above
may also include a construction with no insulation thickness.

The dielectric 20108 may be formed/coated over the con-
ductors 20106 using a different process/machinery than used
to assemble the cable. As aresult, during final cable assembly,
tight control over variation in the size of the gap 20114 (e.g.,
the closest point of proximity between the dielectrics 20108)
may be of primary concern to ensure maintaining constant
dielectric constant. Depending on the assembly process and
apparatus used, a similar result may be had by controlling a
centerline distance 304 between the conductors 20106 (e.g.,
pitch). The consistency of this may depend on how tightly the
outer diameter dimension 20306 of the conductors 106 can be
maintained, as well as consistency of dielectric thickness
20302 all around (e.g., concentricity of conductor 20106
within dielectric 20108). However, because dielectric effects
are strongest at the area of closest proximity of the conductors
20106, if thickness 20302 can be controlled at least near the
area of closest proximity of adjacent dielectrics 20108, then
consistent results may be obtained during final assembly by
focusing on controlling the gap size 20114.

The signal integrity (e.g., impedance and skew) of the
construction may not only depend on the precision/consis-
tency of placing the signal conductors 20106 relative to each
other, but also in precision of placing the conductors 106
relative to a ground plane. As shown in FIG. 35/, films 20110
and 20112 include respective shielding and dielectric layers
20308, 20310. The shielding layer 20308 may act as a ground
plane in this case, and so tight control of dimension 20312
along the length of the cable may be advantageous. In this
example, dimension 20312 is shown being the same relative
to both the top and bottom films 20110, 20112, although it is
possible for these distances to be asymmetric in some
arrangements (e.g., use of different dielectric 20310 thick-
nesses/constants of films 20110, 20112, or one of the films
20110, 20112 does not have the dielectric layer 20310).
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One challenge in manufacturing a cable as shown in FIG.
35/ may be to tightly control distance 20312 (and/or equiva-
lent conductor to ground plane distances) when the insulated
conductors 20106, 20108 are attached to the conductive film
20110, 20112. In reference now to FIGS. 35g-4, block dia-
grams illustrate an example of how consistent conductor to
ground plane distances may be maintained during manufac-
ture according to an embodiment of the invention. In this
example a film (which by way of example is designated as
film 20112) includes a shielding layer 20308 and dielectric
layer 20310 as previously described.

To help ensure a consistent conductor to ground plane
distance (e.g., distance 20312 seen in FIG. 35/) the film
20112 uses a multilayer coated film as the base (e.g., layers
20308 and 20310). A known and controlled thickness of
deformable material 20320 (e.g., a hot melt adhesive), is
placed on the less deformable film base 20308, 20310. As the
insulated wire 20106, 20108 is pressed into the surface, the
deformable material 20320 deforms until the wire 20106,
20108 presses down to a depth controlled by the thickness of
deformable material 20320, as seen in FIG. 35/4. An example
of materials 20320, 20310, 20308 may include a hot melt
20320 placed on a polyester backing 20308 or 20310, where
the other of layers 20308, 20310 includes a shielding mate-
rial. Alternatively, or in addition to this, tool features can press
the insulated wire 20106, 20108 into the film 20112 at a
controlled depth.

In some embodiments described above, an air gap 20114
exists between the insulated conductors 20106, 20108 at the
mid-plane of the conductors. This may be useful in many end
applications, include between differential pair lines, between
ground and signal lines (GS) and/or between victim and
aggressor signal lines. An air gap 20114 between ground and
signal conductors may exhibit similar benefits as described
for the differential lines, e.g., thinner construction and lower
dielectric constant. For two wires of a differential pair, the air
gap 20114 can separate the wires, which provides less cou-
pling and therefore a thinner construction than if the gap were
not present (providing more flexibility, lower cost, and less
crosstalk). Also, because of the high fields that exist between
the differential pair conductors at this closest line of approach
between them, the lower capacitance in this location contrib-
utes to the effective dielectric constant of the construction.

In reference now to FIG. 36a, a graph 20400 illustrates an
analysis of constructions according to an embodiment of the
invention. In FIG. 365, a block diagram includes geometric
features of a conductor set according to an example of the
invention which will be referred to in discussing FIG. 36a.
Generally, the graph 20400 illustrates differing dielectric
constants obtained for different cable pitch 20304, insulation/
dielectric thickness 20302, and cable thickness 20402 (the
latter which may exclude thickness of out shielding layer
20308). This analysis assumes a 26 AWG differential pair
conductor set 20104, 100 ohms impedance, and solid poly-
olefin used for insulator/dielectric 20108 and dielectric layers
20310. Points 20404 and 20406 are results for 8 mil thick
insulation at respective 56 and 40 mil thicknesses 20302.
Points 20408 and 20410 are results for 1 mil thick insulation
at respective 48 and 38 mil thicknesses 20302. Point 20412 is
a result for 4.5 mil thick insulation at a 42 mil thickness
20302.

As seen in the graph 20400, thinner insulation around wire
tends to lower the effective dielectric constant. If the insula-
tion is very thin, a tighter pitch may then tend to reduce the
dielectric constant because of the high fields between the
wires. If the insulation is thick, however, the greater pitch
provides more air around the wires and lowers the effective
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dielectric constant. For two signal lines that can interfere with
one another, the air gap is an effective feature for limiting the
capacitive crosstalk between them. If the air gap is sufficient,
a ground wire may not be needed between signal lines, which
would result in cost savings.

The dielectric loss and dielectric constant seen in graph
20400 may be reduced by the incorporation of air gaps
between the insulated conductors. The graph 400 reveals that
the reduction due to these gaps is on the same order (e.g.,
1.6-1.8 for polyolefin materials) as can be achieved a conven-
tional construction that uses a foamed insulation around the
wires. Foamed primary insulation 20108 can also be used in
conjunction with the constructions described herein to pro-
vide an even lower dielectric constant and lower dielectric
loss. Also, the backing dielectric 20310 can be partially or
fully foamed.

A potential benefit of using the engineered air gap 20114
instead of foaming is that foaming can be inconsistent along
the conductor 20106 or between different conductors 20106
leading to variations in the dielectric constant and propaga-
tion delay which increases skew and impedance variation.
With solid insulation 20108 and precise gaps 20114, the
effective dielectric constant may be more readily controlled
and, in turn, leading to consistency in electrical performance,
including impedance, skew, attenuation loss, insertion loss,
etc.

The cross-sectional views of FIGS. 36g-37¢ may represent
various shielded electrical cables, or portions of cables.
Referring to FIG. 36g, shielded electrical cable 21402¢ has a
single conductor set 21404¢ which has two insulated conduc-
tors 21406¢ separated by dielectric gap 20114c¢. If desired, the
cable 21402¢ may be made to include multiple conductor sets
21404c¢ spaced part across a width of the cable 21402¢ and
extending along a length of the cable. Insulated conductors
21406¢ are arranged generally in a single plane and effec-
tively in a twinaxial configuration. The twin axial cable con-
figuration of FIG. 36g can be used in a differential pair circuit
arrangement or in a single ended circuit arrangement.

Two shielding films 21408¢ are disposed on opposite sides
of conductor set 21404¢. The cable 21402¢ includes a cover
region 21414¢ and pinched regions 21418¢. In the cover
region 21414c¢ of the cable 20102¢, the shielding films
21408¢ include cover portions 21407¢ that cover the conduc-
tor set 21404c¢. In transverse cross section, the cover portions
21407¢, in combination, substantially surround the conductor
set 21404c¢. In the pinched regions 21418¢ of the cable
21402c, the shielding films 21408¢ include pinched portions
21409c¢ on each side of the conductor set 21404c.

An optional adhesive layer 21410¢ may be disposed
between shielding films 21408¢. Shielded electrical cable
21402c further includes optional ground conductors 21412¢
similar to ground conductors 21412 that may include ground
wires or drain wires. Ground conductors 21412¢ are spaced
apart from, and extend in substantially the same direction as,
insulated conductors 21406c. Conductor set 21404¢ and
ground conductors 21412¢ can be arranged so that they lie
generally in a plane.

As illustrated in the cross section of FIG. 36g, there is a
maximum separation, D, between the cover portions 21407¢
of'the shielding films 21408¢; there is a minimum separation,
d1, between the pinched portions 21409¢ of the shielding
films 21408c¢; and there is a minimum separation, d2, between
the shielding films 21408¢ between the insulated conductors
21406¢.

In FIG. 36g, adhesive layer 21410c¢ is shown disposed
between the pinched portions 21409¢ of the shielding films
21408¢ in the pinched regions 21418¢ of the cable 20102¢
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and disposed between the cover portions 21407¢ of the
shielding films 21408¢ and the insulated conductors 21406¢
in the cover region 21414¢ of the cable 21402c¢. In this
arrangement, the adhesive layer 21410¢ bonds the pinched
portions 21409¢ of the shielding films 21408¢ together in the
pinched regions 21418¢ of the cable 21402¢, and also bonds
the cover portions 21407 ¢ of the shielding films 21408¢ to the
insulated conductors 21406¢ in the cover region 21414¢ of
the cable 21402¢.

Shielded cable 214024 of FIG. 36/ is similar to cable
21402¢ of FIG. 36g, with similar elements identified by simi-
lar reference numerals, except that in cable 21402d the
optional adhesive layer 214104 is not present between the
cover portions 21407¢ of the shielding films 21408¢ and the
insulated conductors 21406¢ in the cover region 21414¢ of
the cable. In this arrangement, the adhesive layer 214104
bonds the pinched portions 21409¢ of the shielding films
21408c¢ together in the pinched regions 21418¢ of the cable,
but does not bond the cover portions 21407¢ of the shielding
films 21408¢ to the insulated conductors 1406¢ in the cover
region 21414c¢ of the cable 214024.

Referring now to FIG. 374, we see there a transverse cross-
sectional view of a shielded electrical cable 21402 similar in
many respects to the shielded electrical cable 21402¢ of FIG.
36g. Cable 21402¢ includes a single conductor set 21404¢
that has two insulated conductors 21406e separated by dielec-
tric gap 20114e extending along a length of the cable 21402e.
Cable 21402¢ may be made to have multiple conductor sets
21404¢ spaced apart from each other across a width of the
cable 21402¢ and extending along a length of the cable
21402¢. Insulated conductors 21406¢ are arranged effec-
tively in a twisted pair cable arrangement, whereby insulated
conductors 21406¢ twist around each other and extend along
a length of the cable 21402e.

In FIG. 37b another shielded electrical cable 21402f is
depicted that is also similar in many respects to the shielded
electrical cable 21402¢ of FIG. 36g. Cable 21402f'includes a
single conductor set 21404/that has four insulated conductors
214061 extending along a length of the cable 21402/, with
opposing conductors being separated by gap 20114f. The
cable 21402/ may be made to have multiple conductor sets
21404/ spaced apart from each other across a width of the
cable 21402/ and extending along a length of the cable
21402f. Insulated conductors 14061 are arranged effectively
in a quad cable arrangement, whereby insulated conductors
21406/ may or may not twist around each other as insulated
conductors 1406/ extend along a length of the cable 214021

Further embodiments of shielded electrical cables may
include a plurality of spaced apart conductor sets 21404,
21404e¢, or 21404/, or combinations thereof, arranged gener-
ally in a single plane. Optionally, the shielded electrical
cables may include a plurality of ground conductors 21412
spaced apart from, and extending generally in the same direc-
tion as, the insulated conductors of the conductor sets. In
some configurations, the conductor sets and ground conduc-
tors can be arranged generally in a single plane. FIG. 37¢
illustrates an exemplary embodiment of such a shielded elec-
trical cable.

Referring to FIG. 37¢, shielded electrical cable 20102¢g
includes a plurality of spaced apart conductor sets 21404,
21404g arranged generally in plane. Conductor sets 21404g
include a single insulated conductor, but may otherwise be
formed similarly to conductor set 21404. Shielded electrical
cable 21402¢g further includes optional ground conductors
21412 disposed between conductor sets 21404, 21404g and at
both sides or edges of shielded electrical cable 21402g.
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First and second shielding films 21408 are disposed on
opposite sides of the cable 21402g and are arranged so that, in
transverse cross section, the cable 21402¢g includes cover
regions 21424 and pinched regions 21428. In the cover
regions 21424 of the cable, cover portions 21417 of the first
and second shielding films 21408 in transverse cross section
substantially surround each conductor set 21404, 21404g.
Pinched portions 21419 of the first and second shielding films
21408 form the pinched regions 21428 on two sides of each
conductor set 21404g.

The shielding films 21408 are disposed around ground
conductors 21412. An optional adhesive layer 21410 is dis-
posed between shielding films 21408 and bonds the pinched
portions 21419 of the shielding films 21408 to each other in
the pinched regions 21428 on both sides of each conductor set
21404, 21404c¢. Shielded electrical cable 21402g includes a
combination of coaxial cable arrangements (conductor sets
21404g) and a twinaxial cable arrangement (conductor set
21404) and may therefore be referred to as a hybrid cable
arrangement.

One, two, or more of the shielded electrical cables may be
terminated to a termination component such as a printed
circuit board, paddle card, or the like. Because the insulated
conductors and ground conductors can be arranged generally
in a single plane, the disclosed shielded electrical cables are
well suited for mass-stripping, i.e., the simultaneous stripping
of the shielding films and insulation from the insulated con-
ductors, and mass-termination, i.e., the simultaneous termi-
nating of the stripped ends of the insulated conductors and
ground conductors, which allows a more automated cable
assembly process. This is an advantage of at least some of the
disclosed shielded electrical cables. The stripped ends of
insulated conductors and ground conductors may, for
example, be terminated to contact conductive paths or other
elements on a printed circuit board, for example. In other
cases, the stripped ends of insulated conductors and ground
conductors may be terminated to any suitable individual con-
tact elements of any suitable termination device, such as, e.g.,
electrical contacts of an electrical connector.

In FIGS. 384-384 an exemplary termination process of
shielded electrical cable 21502 to a printed circuit board or
other termination component 21514 is shown. This termina-
tion process can be a mass-termination process and includes
the steps of stripping (illustrated in FIGS. 384-385), aligning
(illustrated in FIG. 38¢), and terminating (illustrated in FIG.
384). When forming shielded electrical cable 21502, which
may in general take the form of any of the cables shown
and/or described herein, the arrangement of conductor sets
21504, 21504a (with dielectric gap 21520), insulated conduc-
tors 21506, and ground conductors 21512 of shielded electri-
cal cable 21502 may be matched to the arrangement of con-
tact elements 21516 on printed circuit board 21514, which
would eliminate any significant manipulation of the end por-
tions of shielded electrical cable 21502 during alignment or
termination.

Inthe step illustrated in FIG. 384, an end portion 215084 of
shielding films 21508 is removed. Any suitable method may
be used, such as, e.g., mechanical stripping or laser stripping.
This step exposes an end portion of insulated conductors
21506 and ground conductors 21512. In one aspect, mass-
stripping of end portion 21508a of shielding films 21508 is
possible because they form an integrally connected layer that
is separate from the insulation of insulated conductors 21506.
Removing shielding films 21508 from insulated conductors
21506 allows protection against electrical shorting at these
locations and also provides independent movement of the
exposed end portions of insulated conductors 1506 and
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ground conductors 21512. In the step illustrated in FIG. 385,
an end portion 215064 of the insulation of insulated conduc-
tors 21506 is removed. Any suitable method may be used,
such as, e.g., mechanical stripping or laser stripping. This step
exposes an end portion of the conductor of insulated conduc-
tors 21506. In the step illustrated in FIG. 38¢, shielded elec-
trical cable 21502 is aligned with printed circuit board 21514
such that the end portions of the conductors of insulated
conductors 21506 and the end portions of ground conductors
21512 of shielded electrical cable 21502 are aligned with
contact elements 21516 on printed circuit board 21514. In the
step illustrated in FIG. 384, the end portions of the conductors
of'insulated conductors 21506 and the end portions of ground
conductors 21512 of shielded electrical cable 21502 are ter-
minated to contact elements 21516 on printed circuit board
21514. Examples of suitable termination methods that may be
used include soldering, welding, crimping, mechanical
clamping, and adhesively bonding, to name a few.

In FIGS. 39a-39c¢ are cross sectional views of three exem-
plary shielded electrical cables, which illustrate examples of
the placement of ground conductors in the shielded electrical
cables. An aspect of a shielded electrical cable is proper
grounding of the shield, and such grounding can be accom-
plished in a number of ways. In some cases, a given ground
conductor can electrically contact at least one of the shielding
films such that grounding the given ground conductor also
grounds the shielding film or films. Such a ground conductor
may also be referred to as a “drain wire”. Electrical contact
between the shielding film and the ground conductor may be
characterized by a relatively low DC resistance, e.g., a DC
resistance of less than 10 ohms, or less than 2 ohms, or of
substantially 0 ohms. In some cases, a given ground conduc-
tors may not electrically contact the shielding films, but may
be an individual element in the cable construction that is
independently terminated to any suitable individual contact
element of any suitable termination component, such as, e.g.,
a conductive path or other contact element on a printed circuit
board, paddle board, or other device. Such a ground conduc-
tor may also be referred to as a “ground wire”. FIG. 39a
illustrates an exemplary shielded electrical cable in which
ground conductors are positioned external to the shielding
films. FIGS. 396 and 39c illustrate embodiments in which the
ground conductors are positioned between the shielding
films, and may be included in the conductor set. One or more
ground conductors may be placed in any suitable position
external to the shielding films, between the shielding films, or
a combination of both.

Referring to FIG. 39a, a shielded electrical cable 21602a
includes a single conductor set 216044 that extends along a
length of the cable 21602a. Conductor set 21604a has two
insulated conductors 21606, i.e., one pair of insulated con-
ductors, separated by dielectric gap 21630. Cable 21602«
may be made to have multiple conductor sets 21604a spaced
apart from each other across a width of the cable and extend-
ing along a length of the cable. Two shielding films 21608«
disposed on opposite sides of the cable include cover portions
21607a. In transverse cross section, the cover portions
216074, in combination, substantially surround conductor set
21604a. An optional adhesive layer 21610a is disposed
between pinched portions 21609a of the shielding films
216084, and bonds shielding films 216084 to each other on
both sides of conductor set 21604a. Insulated conductors
21606 are arranged generally in a single plane and effectively
in a twinaxial cable configuration that can be used in a single
ended circuit arrangement or a differential pair circuit
arrangement. The shielded electrical cable 216024 further
includes a plurality of ground conductors 21612 positioned
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external to shielding films 21608a. Ground conductors 21612
are placed over, under, and on both sides of conductor set
21604a. Optionally, the cable 21602a includes protective
films 21620 surrounding the shielding films 21608a and
ground conductors 21612. Protective films 21620 include a
protective layer 21621 and an adhesive layer 21622 bonding
protective layer 21621 to shielding films 21608a and ground
conductors 21612. Alternatively, shielding films 21608« and
ground conductors 21612 may be surrounded by an outer
conductive shield, such as, e.g., a conductive braid, and an
outer insulative jacket (not shown).

Referring to FIG. 395, a shielded electrical cable 216025
includes a single conductor set 216045 that extends along a
length of cable 216025. Conductor set 216045 has two insu-
lated conductors 21606, i.e., one pair of insulated conductors,
separated by dielectric gap 21630. Cable 216025 may be
made to have multiple conductor sets 216045 spaced apart
from each other across a width of the cable and extending
along the length of the cable. Two shielding films 216085 are
disposed on opposite sides of the cable 216025 and include
cover portions 216075. In transverse cross section, the cover
portions 216075, in combination, substantially surround con-
ductor set 216045. An optional adhesive layer 216105 is
disposed between pinched portions 216095 of the shielding
films 216085 and bonds the shielding films to each other on
both sides of the conductor set. Insulated conductors 21606
are arranged generally in a single plane and effectively in a
twinaxial or differential pair cable arrangement. Shielded
electrical cable 216024 further includes a plurality of ground
conductors 21612 positioned between shielding films
v1608b. Two of the ground conductors 21612 are included in
conductor set 216045, and two of the ground conductors
21612 are spaced apart from conductor set 216045.

Referring to FIG. 39c¢, a shielded electrical cable 21602¢
includes a single conductor set 21604¢ that extends along a
length of cable 21602¢. Conductor set 21604¢ has two insu-
lated conductors 21606, i.e., one pair of insulated conductors,
separated by dielectric gap 21630. Cable 21602¢ may be
made to have multiple conductor sets 21604¢ spaced apart
from each other across a width of the cable and extending
along the length of the cable. Two shielding films 21608¢ are
disposed on opposite sides of the cable 21602¢ and include
cover portions 21607¢. In transverse cross section, the cover
portions 21607¢, in combination, substantially surround the
conductor set 21604¢. An optional adhesive layer 21610c¢ is
disposed between pinched portions 21609¢ of the shielding
films 21608¢ and bonds shielding films 21608¢ to each other
on both sides of conductor set 21604c¢. Insulated conductors
21606 are arranged generally in a single plane and effectively
in a twinaxial or differential pair cable arrangement. Shielded
electrical cable 21602¢ further includes a plurality of ground
conductors 21612 positioned between shielding films
21608¢. All of the ground conductors 21612 are included in
the conductor set 21604¢. Two of the ground conductors
21612 and insulated conductors 21606 are arranged generally
in a single plane.

In FIG. 36¢, an exemplary shielded electrical cable 20902
is shown in transverse cross section that includes two insu-
lated conductors in a connector set 20904, the individually
insulated conductors 20906 each extending along a length of
the cable 20902 and separated by dielectric/air gap 20944.
Two shielding films 20908 are disposed on opposite sides of
the cable 20902 and in combination substantially surround
conductor set 20904. An optional adhesive layer 20910 is
disposed between pinched portions 20909 of the shielding
films 20908 and bonds shielding films 20908 to each other on
both sides of conductor set 20904 in the pinched regions 918
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of the cable. Insulated conductors 906 can be arranged gen-
erally in a single plane and effectively in a twinaxial cable
configuration. The twinaxial cable configuration can be used
in a differential pair circuit arrangement or in a single ended
circuit arrangement. Shielding films 20908 may include a
conductive layer 9084 and a non-conductive polymeric layer
209085, or may include the conductive layer 908a without the
non-conductive polymeric layer 209085. In the figure, the
conductive layer 20908a of each shielding film is shown
facing insulated conductors 20906, but in alternative embodi-
ments, one or both of the shielding films may have a reversed
orientation.

The cover portion 20907 of at least one of the shielding
films 20908 includes concentric portions 20911 that are sub-
stantially concentric with corresponding end conductors
20906 of the conductor set 20904. In the transition regions of
the cable 20902, transition portion 20934 of the shielding
films 20908 are between the concentric portions 20911 and
the pinched portions 20909 of the shielding films 20908.
Transition portions 20934 are positioned on both sides of
conductor set 20904, and each such portion includes a cross-
sectional transition area 20934a. The sum of cross-sectional
transition areas 934a is preferably substantially the same
along the length of conductors 20906. For example, the sum
of cross-sectional areas 20934a may vary less than 50% over
a length of 1 m.

In addition, the two cross-sectional transition areas 20934a
may be substantially the same and/or substantially identical.
This configuration of transition regions contributes to a char-
acteristic impedance for each conductor 20906 (single-
ended) and a differential impedance that both remain within a
desired range, such as, e.g., within 5-10% of a target imped-
ance value over a given length, such as, e.g., 1 m. In addition,
this configuration of the transition regions may minimize
skew of the two conductors 20906 along at least a portion of
their length.

When the cable is in an unfolded, planar configuration,
each of the shielding films may be characterizable in trans-
verse cross section by a radius of curvature that changes
across across a width of the cable 20902. The maximum
radius of curvature of the shielding film 20908 may occur, for
example, at the pinched portion 20909 of the cable 20902, or
near the center point of the cover portion 20907 of the multi-
conductor cable set 20904 illustrated in FIG. 36¢. At these
positions, the film may be substantially flat and the radius of
curvature may be substantially infinite. The minimum radius
of curvature of the shielding film 20908 may occur, for
example, at the transition portion 20934 of the shielding film
20908. In some embodiments, the radius of curvature of the
shielding film across the width of the cable is at least about 50
micrometers, i.e., the radius of curvature does not have a
magnitude smaller than 50 micrometers at any point along the
width of the cable, between the edges of the cable. In some
embodiments, for shielding films that include a transition
portion, the radius of curvature of the transition portion of the
shielding film is similarly at least about 50 micrometers.

In an unfolded, planar configuration, shielding films that
include a concentric portion and a transition portion are char-
acterizable by a radius of curvature of the concentric portion,
R1, and/or a radius of curvature of the transition portion rl.
These parameters are illustrated in FIG. 36¢ for the cable
20902. In exemplary embodiments, R1/r1 is in a range of 2 to
15.

In FIG. 36d another exemplary shielded electrical cable
21002 is shown which includes a conductor set having two
insulated conductors 21006 separated by dielectric/air gap
1014. In this embodiment, the shielding films 21008 have an
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asymmetric configuration, which changes the position of the
transition portions relative to a more symmetric embodiment.
In FIG. 36d, shielded electrical cable 21002 has pinched
portions 21009 of shielding films 21008 that lie in a plane that
is slightly offset from the plane of symmetry of the insulated
conductors 21006. As a result, the transition regions 21036
have a somewhat offset position and configuration relative to
other depicted embodiments. However, by ensuring that the
two transition regions 21036 are positioned substantially
symmetrically with respect to corresponding insulated con-
ductors 21006 (e.g. with respect to a vertical plane between
the conductors 21006), and that the configuration of transition
regions 1036 is carefully controlled along the length of
shielded electrical cable 21002, the shielded electrical cable
21002 can be configured to still provide acceptable electrical
properties.

In FIG. 36e, additional exemplary shielded electrical
cables are illustrated. These figures are used to further explain
how a pinched portion of the cable is configured to electri-
cally isolate a conductor set of the shielded electrical cable.
The conductor set may be electrically isolated from an adja-
cent conductor set (e.g., to minimize crosstalk between adja-
cent conductor sets) or from the external environment of the
shielded electrical cable (e.g., to minimize electromagnetic
radiation escape from the shielded electrical cable and mini-
mize electromagnetic interference from external sources). In
both cases, the pinched portion may include various mechani-
cal structures to realize the electrical isolation. Examples
include close proximity of the shielding films, high dielectric
constant material between the shielding films, ground con-
ductors that make direct or indirect electrical contact with at
least one of the shielding films, extended distance between
adjacent conductor sets, physical breaks between adjacent
conductor sets, intermittent contact of the shielding films to
each other directly either longitudinally, transversely, or both,
and conductive adhesive, to name a few.

FIG. 36e shows, in cross section, a shielded electrical cable
21102 that includes two conductor sets 21104a, 21045 spaced
apart across a width of the cable 20102 and extending longi-
tudinally along a length of the cable. Each conductor set
21104a, 211045 has two insulated conductors 21106a,
2110654 separated by gaps 21144. Two shielding films 21108
are disposed on opposite sides of the cable 21102. In trans-
verse cross section, cover portions 21107 of the shielding
films 21108 substantially surround conductor sets 21104a,
211045 in cover regions 21114 of the cable 21102. In pinched
regions 21118 of the cable, on both sides of the conductor sets
21104a, 211045, the shielding films 21108 include pinched
portions 21109. In shielded electrical cable 21102, the
pinched portions 21109 of shielding films 21108 and insu-
lated conductors 21106 are arranged generally in a single
plane when the cable 21102 is in a planar and/or unfolded
arrangement. Pinched portions 21109 positioned in between
conductor sets 211044a, 211045 are configured to electrically
isolate conductor sets 21104a, 211045 from each other. When
arranged in a generally planar, unfolded arrangement, as
illustrated in FIG. 36e, the high frequency electrical isolation
of the first insulated conductor 211064 in the conductor set
21104a relative to the second insulated conductor 211065 in
the conductor set 21104q is substantially less than the high
frequency electrical isolation of the first conductor set
21104a relative to the second conductor set 211045.

As illustrated in the cross section of FIG. 36e, the cable
21102 can be characterized by a maximum separation, D,
between the cover portions 21107 of the shielding films
21108, a minimum separation, d2, between the cover portions
21107 of the shielding films 21108, and a minimum separa-
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tion, d1, between the pinched portions 21109 of the shielding
films 21108. In some embodiments, d1/D is less than 0.25, or
less than 0.1. In some embodiments, d2/D is greater than 0.33.

An optional adhesive layer may be included as shown
between the pinched portions 21109 of the shielding films
21108. The adhesive layer may be continuous or discontinu-
ous. In some embodiments, the adhesive layer may extend
fully or partially in the cover region 21114 ofthe cable v1102,
e.g., between the cover portion 21107 of the shielding films
21108 and the insulated conductors 21106a, 211065. The
adhesive layer may be disposed on the cover portion 21107 of
the shielding film 21108 and may extend fully or partially
from the pinched portion 21109 of the shielding film 21108
on one side of a conductor set 21104a, 2110454 to the pinched
portion 21109 of the shielding film 21108 on the other side of
the conductor set 211044, 211045.

The shielding films 21108 can be characterized by a radius
of curvature, R, across a width of'the cable 21102 and/or by a
radius of curvature, rl, of the transition portion 21112 of the
shielding film and/or by a radius of curvature, r2, of the
concentric portion 21111 of the shielding film.

In the transition region 21136, the transition portion 21112
of the shielding film 21108 can be arranged to provide a
gradual transition between the concentric portion 21111 of
the shielding film 21108 and the pinched portion 1109 of the
shielding film 21108. The transition portion 21112 of the
shielding film 1108 extends from a first transition point
21121, which is the inflection point of the shielding film 1108
and marks the end of the concentric portion 21111, to a
second transition point 21122 where the separation between
the shielding films exceeds the minimum separation, d1, of
the pinched portions 21109 by a predetermined factor.

In some embodiments, the cable 21102 includes at least
one shielding film that has a radius of curvature, R, across the
width of the cable that is at least about 50 micrometers and/or
the minimum radius of curvature, r1, of the transition portion
21112 of the shielding film 21102 is at least about 50
micrometers. In some embodiments, the ratio of the mini-
mum radius of curvature of the concentric portion to the
minimum radius of curvature of the transition portion, r2/rl,
is in a range of 2 to 15.

In some embodiments, the radius of curvature, R, of the
shielding film across the width of the cable is at least about 50
micrometers and/or the minimum radius of curvature in the
transition portion of the shielding film is at least 50 microme-
ters.

In some cases, the pinched regions of any of the described
shielded cables can be configured to be laterally bent at an
angle o of at least 30°, for example. This lateral flexibility of
the pinched regions can enable the shielded cable to be folded
in any suitable configuration, such as, e.g., a configuration
that can be used in a round cable. In some cases, the lateral
flexibility of the pinched regions is enabled by shielding films
that include two or more relatively thin individual layers. To
warrant the integrity of these individual layers in particular
under bending conditions, it is preferred that the bonds
between them remain intact. The pinched regions may for
example have a minimum thickness of less than about 0.13
mm, and the bond strength between individual layers may be
atleast 17.86 g/mm (1 lbs/inch) after thermal exposures dur-
ing processing or use.

In FIG. 36/ a shielded electrical cable 21302 is shown
having only one shielding film 21308. Insulated conductors
21306 are arranged into two conductor sets 21304, each hav-
ing only one pair of insulated conductors separated by dielec-
tric/gaps 21314, although conductor sets having other num-
bers of insulated conductors as discussed herein are also
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contemplated. Shielded electrical cable 21302 is shown to
include ground conductors 21312 in various exemplary loca-
tions, but any or all of them may be omitted if desired, or
additional ground conductors can be included. The ground
conductors 21312 extend in substantially the same direction
as insulated conductors 21306 of conductor sets 1304 and are
positioned between shielding film 21308 and a carrier film
21346 which does not function as a shielding film. One
ground conductor 21312 is included in a pinched portion
21309 of shielding film 21308, and three ground conductors
21312 are included in one of the conductor sets 21304. One of
these three ground conductors 21312 is positioned between
insulated conductors v1306 and shielding film 21308, and
two of the three ground conductors 21312 are arranged to be
generally co-planar with the insulated conductors 21306 of
the conductor set.

In addition to signal wires, drain wires, and ground wires,
any of the disclosed cables can also include one or more
individual wires, which are typically insulated, for any pur-
pose defined by a user. These additional wires, which may for
example be adequate for power transmission or low speed
communications (e.g. less than 1 MHz) but not for high speed
communications (e.g. greater than 1 GHz), can be referred to
collectively as a sideband. Sideband wires may be used to
transmit power signals, reference signals or any other signal
of'interest. The wires in a sideband are typically not in direct
or indirect electrical contact with each other, but in at least
some cases they may not be shielded from each other. A
sideband can include any number of wires such as 2 or more,
or 3 or more, or 5 or more.

The shielded cable configurations described herein provide
opportunities for simplified connections to the conductor sets
and drain/ground wires that promote signal integrity, support
industry standard protocols, and/or allow mass termination of
the conductor sets and drain wires. Crosstalk (near and far-
end) is an important consideration for signal integrity in cable
assemblies. Close spacing between the signal lines in the
cable and the termination area will be susceptible to crosstalk,
but the cable and connector approaches described herein pro-
vide methods to reduce crosstalk. For example, crosstalk in
the cable can be reduced by forming as complete a shield
surrounding the conductor sets as possible. Cross talk is
reduced if there any gaps between the shields, then making
that gap have as high an aspect ratio as possible and/or by
using low impedance or direct electrical contact between the
shields. For example, the shields may be in direct contact,
connected through drain wires, and/or connected through a
conductive adhesive, for example.

FIG. 40q illustrates a connector assembly 7000 that
includes an electrical cable 7001, which can be any of the
cables described herein, for example, having a termination
end 7007 disposed in a connector housing 7002. The housing
7002 includes channels 7003 that retain electrical termina-
tions 7004¢ in a planar, spaced apart arrangement. The elec-
trical terminations 7004a may be retained in the housing 7002
by any suitable method, such as snap fit, press fit, friction fit,
crimping or mechanical clamping, bonding with adhesive, or
other methods, for example. The method used to retain the
electrical terminations 7004a may permit the electrical ter-
minations 7004a to be removed, individually or in sets, or the
method used to retain the electrical terminations 7004a may
permanently secure the electrical terminations 7004a within
the housing 7002.

The cable 7001 includes signal conductor sets 7005,
spaced out across the width of the cable 7001 and extending
along the length of the cable 7001. The cable 7001 optionally
includes ground wires 7006 which may be spaced apart from



US 9,325,121 B2

77

the conductor sets 7005 and extend along the length of the
cable 7001. In this particular example, the cable 7001
includes two twinaxial conductor sets 7005 and three ground
wires 7006, although cable arrangements can be used. For
example, the cable may use conductor sets that have more or
fewer conductors, and/or the cable may have more or fewer
ground wires.

Each electrical termination 7004a has an end disposed
toward the cable 7001 and a mating end. At the ends disposed
toward the cable, electrical terminations 7004a are electri-
cally connected to a conductor 7008 of a conductor set 7005
or to a ground wire 7006. At the mating ends, each electrical
termination 7004« is configured to make physical and elec-
trical contact with a mating electrical termination of a mating
connector (not shown). In various configurations, the mating
end of the electrical termination 7004a may be a socket, a
spring connector, a pin, a blade, or any other type of connec-
tion configured to physically engage and make electrical con-
tact with a mating termination of the mating connector.

The conductors 7008 of the conductor sets 7005 and the
ground wires, if present, make electrical contact with electri-
cal terminations 7004a. The electrical contact between an
electrical termination 7004a and a conductor 7008 or ground
wire 7006 can be achieved, for example, by a crimped con-
nection, a soldered connection, a welded connection, a press
fit connection, a friction fit connection, an insulation dis-
placement connection and/or any other type of connection
that makes direct electrical contact between the electrical
termination 7004a and the conductor 7008 or ground wire
7006.

As shown in FIG. 405, in some cases, the conductors 7008
and/or ground wires 7006 form the electrical terminations
70045 of the connector 7090. In these cases, the electrical
terminations 70045 may comprise the bare ends of the con-
ductors 7008 of the conductor sets 7005 which have been
stripped of insulation and shield, and/or the bare ground wires
7006. The bare conductor ends and/or bare ground wires may
be formed to engage with the terminals of a mating connector.
The bare conductor ends and/or bare ground wires may be
stamped, folded, hardened, plated and/or otherwise pro-
cessed to allow engagement with a mating termination. For
example, the bare conductor ends and/or bare ground wires
may serve as pins that engage with mating sockets of the
mating connector.

The housing 7002 may made of an insulating material,
such as a molded plastic housing, for example. The housing
7002 may be a single part housing or a multiple part housing.
For example, a multiple part housing may comprise the hous-
ing base 7012 and a lid 7011 as illustrated in FIG. 40c. A
single part housing may comprise the housing 7002 without a
lid (as shown in FIGS. 40a and 405) or ahousing 7010 with an
integral lid as illustrated in FIG. 40d.

As illustrated in FIGS. 40a and 405, the housing 7002 may
include an opening 7021, such as the U-shaped opening 7021
that allows the end of the cable 7001 to enter the housing
7002. The housing 7002 may also includes one or more open-
ings 7022 in the mating surface 7023 of the housing 7002 that
facilitate engagement between the electrical terminals 7004a,
70045 and the mating terminals (not shown). For example, as
illustrated in FIG. 404, the openings 7022 may allow mating
terminal pins (not shown) to enter the housing to make physi-
cal and electrical contact with the electrical terminals 7004a.
As illustrated in FIG. 405, the openings 7022 may allow
electrical terminal pins 70045 to exit the housing to engage
with mating terminal sockets (not shown).

FIG. 40e is a transverse cross sectional view of a connector
assembly 7098. In this illustration, conductors 7008 and
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ground wires 7006 make electrical contact with insulation
displacement electrical terminations 7009 at contact sites
7040. FIG. 40f shows the top view of connector assembly
7098. In this example, the contact sites 7040 between the
conductors 7008 and the terminations 7009 are aligned in the
row 7041.

FIG. 40g shows an alternate arrangement of contact sites in
a connector assembly 7099. As illustrated in the example
provided by FIG. 40g, the contact sites of the conductors 7008
are substantially aligned in a row 7042. The contact sites
70405 of the ground wires 7006 are offset from the row 7042
of contact sites 7040q of the conductors 7008. Alternatively,
the contact sites of some of the conductors may be offset from
the contact sites of other conductors. In some cases, offset
placement of some contact sites is useful to allow closer
connection spacing for high density applications. Although
illustrated here in a connector implementation, this approach
may be also be used for connecting the cable to printed circuit
boards and/or paddle cards and/or may be used for any type of
connections, e.g., soldered, welded, crimped, etc.

As illustrated in FIGS. 41a, 415, and 41c¢, multiple con-
nector assemblies 7000 (see FIG. 40a) can be stacked
together to form a connector stack 7100. FIG. 415 depicts the
mating surfaces 7023 of the stacked connector assemblies
7000 that, in combination, form the mating surface 7123 of
the connector stack 7100. As best seen in FIG. 4154, each
connector assembly 7000 contributes a row of electrical ter-
minations 7004 to the two dimensional array 7101 of electri-
cal terminations 7004 of the connector stack 7100. The elec-
trical terminations 7004 of a connector stack 7100 may be
engaged with the mating electrical terminations 7104 of a
mating connector 7102, as illustrated in FIG. 41c.

The connector assemblies 7000 can be secured together in
the stacked configuration by various means. For example, a
retention rod 7105 can be adapted to engage a mating recess
7031 on side edges of housing 7002. The configuration of
retention rods 7105 and recesses 7031 may be altered to a
variety of shapes while still performing their intended func-
tion. For example, rather than providing a recess 7031 in the
housing 7002 for receiving retention rod 7105, a projection
(not shown) could extend from the housing and a retention
rod could be adapted to engage the projection.

In some configurations, the connector assembly 7000 at the
end of the connector stack 7100 may include a housing lid. In
some configurations, the back of each housing 7002 may be
configured to serve as alid for an adjacent housing 7002 in the
stack. In some configurations, as illustrated in FIGS. 41a¢ and
41c, a spacer 7110 may be disposed at the end of the stack
7100 and/or may take the place of one or more connector
assemblies 7000 in the connector stack 7100.

Housings 7002 may include at least one set of integrally
formed retention elements 7074a, 70745 configured to retain
adjacent connector assemblies 7000 in a fixed relative posi-
tion. Each set of retention elements 7074a, 70745 may be
configured to retain adjacent connector assemblies 7000 in a
fixed relative position by any suitable method, such as, e.g.,
snap fit, friction fit, press fit, and mechanical clamping. In the
illustrated embodiment, each set of retention elements 70744,
70745 includes a latch portion 7074a and a corresponding
catch portion 70745 configured to retain adjacent connector
assemblies 7000 in a fixed relative position by snap fit.

The housing 7002 may include at least one set of integrally
formed positioning elements 7076 configured to position
adjacent connector assemblies 7000 with respect to each
other. In FIGS. 404, 414, and 41c¢, the housings 7002 include
two sets of positioning elements 7076. The location and con-
figuration of the sets of positioning elements 7076 may be
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selected depending upon the intended application. In the
illustrated example, each set of positioning elements 7076
includes a positioning recess configured to engage with a
positioning post (not shown). Engagement of the positioning
elements 7076 positions adjacent connector assemblies 7000
with respect to each other. The connector assemblies 7000
and stacking method described herein make it possible to
interchange a single connector assembly in a series of stacked
electrical connectors without disconnecting the entire stack
of connector assemblies from mating 7102.

FIGS. 42a through 42d are cable cross sectional views that
illustrate several patterns of signal conductors sets and
ground wires in cables 7200a-72004. The cable patterns illus-
trated in FIGS. 424 through 424 may be repeated and/or
combined for wider cables. The cable 72004 depicted in FIG.
42a has alternating sets of coaxial conductor sets 7205a and
ground wires 7206a. FIG. 425 shows a cable 72005 having
twinaxial conductors sets 72055 alternating with ground
wires 72065. The cable 7200¢ depicted FIG. 42¢ has multiple
twinaxial conductors sets 7205¢ disposed between ground
wires 7206¢ located on the edges of conductor 7200¢. The
cable 72004 depicted in FIG. 424 has two twinaxial conduc-
tor sets 72054 alternating with three ground wires 7206d. The
patterns of conductor sets and ground wires illustrated in
FIGS. 42a-42d may be repeated multiple times across the
width of a given cable and/or may be combined with other
cable patterns to create a wider cable with more conductors.
Many different patterns of conductor sets with one, two, or
more conductors and/or ground wires are contemplated.

FIGS. 42¢ through 42/ illustrate various cable patterns and
various types of conductors and ground wires. Any shape of
conductor or ground wire may be used in a cable and the
shape of some of the conductors and/or ground wires may
differ from the shape of other conductors and/or ground wires
in the cable. For example, cable 7200¢ illustrated in FIG. 42¢
includes conductor sets having oval conductors 7208¢ and
rectangular ground wires 7206e. FIG. 42fillustrates a cable
7200f that has stranded conductors 7208/ and stranded
ground wires 7206f. Some of the conductors and/or ground
wires in a cable may be stranded and other conductors and/or
ground wires may be solid. For example, FIG. 42g shows a
cable 7200¢ having stranded conductors 7208g and solid
rectangular ground wires 7206g. FIG. 42/ shows a cable
7200/ that includes solid, circular conductors 7208/ and
stranded, oval ground wires 7206/. In some cases, the contact
between the drain wire 7206/ and the shield is improved if the
drain wire 7206/ is crushed to some extent between the
shielding films 7202/%. For example, a stranded drain wire
initially having a circular cross section may be crushed during
the cable manufacturing process into an elliptical shape or
oval shape. The cable resulting from this manufacturing pro-
cess may have drain wires with cross sections similar to the
drain wires 7206/ illustrated in FIG. 426b.

FIGS. 43a-43¢ illustrate several ways that the conductors
7308 and ground wires 7306 of cables 7301a-d can be con-
nected to the electrical terminals 7304. These approaches are
applicable to any of the cables described herein. In FIG. 43a,
each conductor 7308 and ground wire 7306 is connected to
the electrical terminals 7304 in a ground-signal-signal-
ground-signal-signal-ground (GSSGSSG) arrangement. In
FIG. 435, the center ground wire 7306 is cut short and the
conductors 7308 and remaining ground wires 7306 are con-
nected to the electrical terminals 7304 in a ground-signal-
signal-no  connection-signal-signal-ground  (GSS-SSG)
arrangement. In FIG. 43¢, the outer two ground wires 7306
are cut short and the conductors 7308 and remaining ground
wires 7006 are connected to the electrical terminals 7304 in a
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no connection-signal-signal-ground-signal-signal-no con-
nection (--SSGSS--) arrangement. In FIGS. 434 and 43e, the
ground connections are made by the cable shield 73054,
7305e. The cables 7301d, 7301e may or may not include drain
wires. The shield 7305¢ of cable 7301 ¢ illustrated in FIG. 43¢
includes shield tabs 7507 that are connected to the electrical
terminals 7304. Many additional connection arrangements
are possible, including but not limited to, alternating signal
and ground connections and a plurality of signal connections
between disposed between ground connections.

As illustrated in FIGS. 44a and 445, a connector assembly
7400 may include multiple cables 7401, such as any of the
cables described herein, disposed in a unitary housing 7402.
Each of the multiple cables 7401 is electrically connected to
a corresponding set of electrical terminals 7404. Each set of
electrical terminals 7404 is retained in the unitary housing
7402 in a spaced apart row 7423 of conductors 7404. F1G. 445
shows the mating surface 7420 of the connector assembly
7404 showing multiple rows 7423 of electrical terminals
7404 forming a two dimensional array 7411.

FIG. 45q illustrates a connector assembly 7500 that
includes a electrical cable 7501, such as any of the cables
described herein, disposed in a connector housing 7502 that
has a first end 7512 and a second end 7513. The electrical
assembly 7500 includes first terminations 7510 retained in a
planar, spaced apart configuration in the housing 7502, e.g.,
by channels 7511, at the first end 7512 of the housing 7502.
The electrical assembly 7500 includes second terminations
7520 retained in a planar, spaced apart arrangement in the
housing 7502, e.g., by channels 7521 at the second end 7513
of the housing 7502. The first and second electrical termina-
tions 7510, 7520 may be retained in the housing 7502 by any
suitable method, such as snap fit, press fit, friction fit, crimp-
ing or mechanical clamping, for example. The method used to
retain the electrical terminations 7510, 7520 may permit one
or both sets of electrical terminations 7510, 7520 to be
removed and/or may permit electrically terminations 7510,
7520 to be individually removed from the housing 7502.
Alternatively, the method used to retain the electrical termi-
nations 7510, 7520 may permanently secure the electrical
terminations 7510, 7520 within the housing 7502.

The cable 7501 includes signal conductor sets 7505 and
ground wires 7506 spaced apart in the cable 7501 and extend-
ing along the length of the cable 7501. The conductor sets
7505 may include dual conductor twinaxial conductor sets,
single conductor coaxial conductor sets, conductor sets hav-
ing more than two conductors, or other cable configurations
as discussed herein.

Each electrical termination 7510, 7520 has an end disposed
toward the cable 7501 and a mating end. At the ends disposed
toward the cable 7501, electrical terminations 7510, 7520 are
electrically connected to a conductor 7508 of a conductor set
7505 or to a ground wire 7506. At the mating ends, each
electrical termination 7510, 7520 is configured to make
physical and electrical contact with a mating electrical termi-
nation of a mating connector (not shown).

The electrical contact between an electrical termination
7510, 7520 and a conductor 7508 or ground wire 7506 can be
achieved, for example, by a crimped connection, a soldered
connection, a welded connection, a press fit connection, a
friction fit connection, an insulation displacement connection
and/or any other type of connection that makes direct electri-
cal contact between the electrical termination 7510, 7520 and
the conductor 7508 or ground wire 7506. The electrical con-
tact sites may be aligned in a row or may be staggered as
discussed herein.
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In various configurations, the mating end of the electrical
terminations 7510, 7520 may be a socket, a spring connector,
a pin, a blade, or any other type of connection configured to
physically engage and make direct electrical contact with a
mating termination of the mating connector.

In come cases, one or both of the first set of electrical
terminations 7510 and the second set of electrical termina-
tions 7520 are the conductors 7508 and/or ground wires 7506
themselves. For example, the electrical terminations may be
the bare ends of the conductors 7508 of the conductor sets
7505 that have been stripped of insulation and shield and/or
the bare ground wires 7506. The ends of the conductors 7508
and/or ground wires 7506 may be formed, shaped, coated,
and/or otherwise prepared, engage with mating terminations
of the mating connector (not shown) to make direct electrical
contact with the mating terminations as previously described
in connection with FIG. 405.

The housing 7506 made of an insulating material, such as
a molded plastic housing, for example. The housing may be a
single part housing or a multiple part housing. For example, a
multiple part housing may comprise the base housing 7502
and a lid 7524 as illustrated in FIG. 455.

As illustrated in FIG. 464, multiple connector assemblies
7500, such as the connector assemblies illustrated in FIGS.
45a and 4554, can be stacked together to form a two dimen-
sional connector stack 7600. At the first end 7612 of the
connector stack 7600, each first set of electrical terminations
7510 is retained in a planar, spaced apart configuration in one
of the connector assemblies 7500. The first sets of electrical
terminations 7506 are configured to make electrical contact
with electrical terminations of a first mating connector (not
shown). At the second end 7613 of the connector stack 7600,
each second set of electrical terminations 7620 is retained in
a planar, spaced apart configuration in one of the connector
assemblies 7500. The second sets of electrical terminations
7620 are configured to make electrical contact with electrical
terminations of a second mating connector.

FIG. 465 shows an end view of the first end 7612 of the
connector stack 7600. As seen in FIGS. 46a and 465, the first
sets of electrical terminals 7510 of the connector assemblies
7500 form rows of a two dimensional array 7601 of electrical
terminals 7510 at the first end 7612 of the connector stack
7600. FIG. 46c is an end view of the second end 7613 of the
connector stack 7600. As seen in FIGS. 46a and 46¢, the
second sets of electrical terminations 7520 of connector
assemblies 7500 form rows of a two dimensional array 7602
of electrical terminals 7620 at the second end 7613 of the
connector stack 7600.

The connector assemblies 7500 can be secured together in
the stacked configuration by various means. As previously
discussed, retention features may be used to position and/or
align the connector assemblies 7500 and/or to retain the posi-
tional relationship between the connector assemblies 7500 in
the stack 7600.

In some configurations, one or more of the connector
assemblies 7500 in the connector stack 7600 may include a
lid. For example, in some cases, only the connector assem-
blies 7500 at the end of the connector stack 7600 may include
a housing lid. In some configurations, the back of each hous-
ing 7502 may be configured to serve as a lid for an adjacent
housing in the stack. Spacers may be used in the connector
stack 7600 similar in some respects to spacers previously
discussed in connection with FIGS. 414 and 41 c.

As illustrated in FIG. 46¢, in some cases, the connector
assembly 7691 includes a unitary housing 7692 configured to
retain first sets of electrical terminations 7610 in a first two
dimensional array of electrical terminations at the first end of
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the housing 7691 and to retain the second sets of electrical
terminations 7620 in a second two dimensional array at a
second end 7613 of the housing 7692. As previously
described in connection with FIG. 464, each first set and each
second set of electrical terminations 7610, 7620 is electrically
connected to a corresponding cable at the cable ends of the
electrical terminations 7610, 7620. The first sets of electrical
terminations 7610 at the first end 7612 of the housing 7692
are configured to engage with and make electrical contact
with sets of electrical terminals of a first mating connector
(not shown). The second sets of electrical terminations 7620
at the second end 7613 of the housing 7692 are configured to
engage with and make electrical contact with sets of electrical
terminals of a second mating connector (not shown).

FIG. 47 shows a right angle connector assembly 7700. A
connector assembly may be formed at any angle. An angled
connector assembly 7700 is similar in some respects to the
connector assemblies 7500, 7600 illustrated in FIGS. 454 and
45b. For example, the connector assembly 7700 may include
any of the electrical cables discussed herein. The angled
assembly 7700 includes a housing 7702 having a first end
7712 and a second end 7713. The angled housing 7700 may
include an angled 1id 7790, as illustrated in FIG. 47. The
housing 7702, and the cable within the housing 7702, makes
an angle, 6, between the first end 7712 and the second end
7713 of the housing 7700.

FIG. 48a illustrates a cross sectional view of the side of an
angled connector 7800 that includes multiple electrical cables
7801a-d. The cables 7801 may be any type of shielded or
unshielded flat cables. For example, the cables 7801 may be
any of the cables discussed herein. The connector 7800 may
comprise a number of stacked housings 7802, each housing
7802 similar to the housing 7702 of the connector assembly
7700 illustrated in F1G. 47. Alternatively, the multiple cables
7801 may be disposed within a unitary housing. In some
cases, the housing 7702 may include channels 7815 and a
cable 7801a-d may be disposed in each of the channels 7815.
The housing 7802 has a first end 7812 and a second end 7813
and is angled between the first end 7812 and the second end
7813 at angle, 6.

Each electrical cable 7801 in the connector 7800 is in
electrical contact with a first set of electrical terminations
7810 which are retained in a planar, spaced out configuration
at the first end 7812 of the housing 7802 and is also in
electrical contact with a second set of electrical terminations
7820 which are retained in a planar, spaced out configuration
at the second end 7813 of the housing 7802. The multiple
rows of the first sets of electrical terminations 7810 form a
two dimensional array of the first sets of electrical termina-
tions at the first end 7812 of the connector 7800. The first sets
ofelectrical terminations 7810 in the two dimensional array at
the first end 7812 are configured to engage with and make
electrical contact with mating terminations of a first mating
connector (not shown). The multiple rows of the second sets
of electrical terminations 7820 form a two dimensional array
ofthe second sets of electrical terminations at the second end
7813 of the connector 7800. The second sets of electrical
terminations 7820 in the two dimensional array at the second
end 7813 are configured to engage with and make electrical
contact with mating terminations of a second mating connec-
tor.

Each of the electrical cables 7801 is folded within the
housing 7802 and has a radius of curvature of the fold that
accommodates the angle, 0, of the connector housing 7802.
The fold radius of curvature of each cable may be different
from the fold radius of curvature of one or more other an
adjacent cable. For example, cable 78014 has a fold radius of
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curvature, fr;; cable 780154 has a fold radius of curvature, fr,;
cable 7801c¢ has a fold radius of curvature, fr;; and cable
7801d has a fold radius of curvature, fr,, where
fr, >fr,>fr;>fr,. In some cases, each cable 7801 may have a
different length from one or more other cables in the housing
7802. For example, cable 78014 has a length, 1, ; cable 78015
has a length, 1,; cable 7801¢ has a length, 1;; and cable 78014
has a length, 1,. In some embodiments, 1,>1,>1,>1,.

The electrical length of a cable is its length measured in
wavelengths and is related to the frequency of the signal and
the velocity with which the signal propagates along the cable.
The electrical length of the cable may be expressed:

where 1 is the length of the cable, fis the frequency of the
signal, V. is the velocity factor of the cable, and a is a con-
stant. The velocity factor of the cable is the speed at which a
signal passes through the cable:

1 2]
CVL5CP

Vi =

where c is the velocity of light, L is the series inductance
per unit length of the cable, and C is the parallel capacitance
per unit length of the cable.

The characteristic impedance of the cable is:

The series inductance, L, and parallel capacitance, C,of a
coaxial and/or twinaxial cable depend on the physical and
material properties of the cable, including the dielectric con-
stant of the material between the conductors, the diameter of
the conductors, the distance between the conductor and the
shield, and/or the separation between the conductors. For a
cable of a particular physical length, the physical and material
properties of the cable can be adjusted to change the electrical
length of the cable.

Cables having different electrical lengths may have difter-
ent signal propagation times for a signal of a given frequency.
Cables having multiple conductor sets may specify a maxi-
mum cable skew, which is the maximum difference in propa-
gation time allowed between any two conductor sets in the
cable.

For the connector 7800 illustrated in FIG. 48a, if other
physical and/or material properties of the cables 7801a-d are
substantially similar, the different physical lengths of cables
7801a-d will cause the cables 7801a-d to have different elec-
trical lengths, which in turn will result in the skew between
the conductors of the connector 7800.

As illustrated by the angled connector 7880 shown in FIG.
48b, in some implementations, the physical lengths of the
cables 7881a-d within the housing 7802 can be substantially
the same to reduce skew from cable to cable in the housing
7802. Cables 7881a-d may include extra sub-folds 7882 or
undulations to achieve cables 7881a-d that have substantially
the same physical length even though the radius of curvature
of'the main fold fr,, fr,, fr, fr, varies from cable to cable in the
connector 7880.
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In some implementations, one or more of the physical
and/or material properties of the cables, e.g., dielectric con-
stant, the conductor diameter, the spacing between the con-
ductors and the shields, and/or the separation between con-
ductors within the conductor set and/or cable may be adjusted
to change the electrical length of the conductors of some of
the cables of connector and thus reduce the skew of the
connector. For example, referring to the connector 7800 illus-
trated in FIG. 484, the physical and/or material properties of
the cables 7801a-d in connector 7800 may be adjusted for
each cable 78014a-d so that, although each cable 7801a-d has
a different physical length, the electrical lengths of cables
7801a-d are substantially the same. In another configuration,
the physical and/or material properties of each cable 7801a-d
may be designed to vary from cable to cable in the connector
7800 so that the electrical length of each cable 7801a-d within
the connector housing 7802 compensates for the varying
physical lengths of the cables 7801a-d within the housing
7802 and also compensates for the distance needed to route
traces on a printed circuit board out from the footprint of the
connector 7802.

The connectors shown in FIGS. 484 and 485 illustrate two
dimensional connectors formed by stacked cables that have
folds which are substantially straight across the width of the
cable. Two dimensional connectors may also be formed by
stacked cables that are folded across the width of the cable on
adiagonal, e.g., a diagonal of 90 degrees to form a right angle
connector. The cables may be diagonally folded and then
stacked, or the cables may be stacked and then diagonally
folded. For example, if the cables are diagonally folded and
then stacked in the housing portions of the first side of each
cable and portions of the second side of each cable face
portions of the first side of an adjacent cable and portions of
the second side of the adjacent cable.

FIGS. 49a and 495 illustrate a top view and a cross sec-
tional view, respectively, of a two dimensional connector
7900 comprising a stack of cables 7901. The cables 7901 may
any type of flat cable, including the shielded cables described
herein. As illustrated in FIGS. 49a and 495, the cables 7901
are arranged in a stack and disposed in a housing or frame
7902. The cables may make contact with one or more sets of
electrical terminations, e.g., disposed on opposite ends of the
housing. For example, as illustrated in FIGS. 49a and 495, in
some cases, each cable 7901 makes electrical contact with a
first set of electrical terminations 7910 at a first end 7912 of
the housing 7902 and makes electrical contact with a second
set of electrical terminations at a second end 7913 of the
housing 7902. In some cases, the ends of the cables them-
selves may serve as the electrical terminations as previously
discussed. The housing 7902 is configured to retain each set
ofelectrical terminations 7910, 7920 in a planar, spaced apart
configuration. In some cases, the ends of the cables them-
selves may serve as the electrical terminations as previously
discussed. If the conductor ends are used as the electrical
terminations, the conductor ends may be directly inserted into
a printed circuit board or paddle card for through hole solder-
ing, or may be formed into surface mount solder feet, for
example.

Stacking the cables 7901 forms a first two dimensional
array 7922 of the first sets of electrical terminations 7910 at
the first end 7912 of the housing 7902 and a second two
dimensional array 7923 of the second sets of electrical termi-
nations 7920 at the second end 7913 of the housing 7902. In
some embodiments, the cables 7901 are shielded cables, e.g.,
such as the cables previously described. In other embodi-
ments, the cables 7901 are unshielded flat cables or ribbon
cables. If unshielded cables 7901 are used, or if additional
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shielding is beneficial, optional shields 7903 may be disposed
between adjacent cables 7901 in the stack.

Angled connectors may be formed using a stack of cables
that has been folded straight across the width of the stack, e.g.,
similar to the geometry illustrated in FIG. 48a. The folded
stack of cables may be disposed in a connector housing or
frame that retains the electrical terminations of the connector,
e.g., retains first sets of electrical terminations electrically
connected to the cables at the first end of the housing and
retains electrical terminations electrically connected to the
cables at the second end of the housing. The folded cables can
be combined in any quantity to fabricate a connector with a
desired number of rows and columns.

In some cases, angled connectors may include cables that
have been folded transversely at a diagonal angle, as illus-
trated in FIG. 49¢. The diagonal angle, 3, may be any angle
greater than O degrees and less than 180 degrees. For example,
FIG. 49¢ illustrates a cable 7981 having one fold at a diagonal
angle of p=90 degrees. In some configurations, the cables
may be folded more than one time. FIG. 494 illustrates a twice
folded cable 7982. The cable 7982 includes one 90 degree
fold (a diagonal fold) and a second straight fold of 180
degrees (a straight fold along a line perpendicular to the
longitudinal axis of the cable).

The folded cable 7980 illustrated in FIG. 49c has a first end
7981 and a second end 7982. At the first end 7981, cable 7980
has an outermost termination position 7983 and an innermost
termination position 7985. At the second end 7982, cable
7980 has an outermost termination position 7984 and an
innermost termination position 7986. When the cable 7980 is
diagonally folded, the innermost and outermost conductor
positions reverse from one end of the cable 7980 to the other.
The conductor 7988 in the outermost termination position
7983 at first end 7981 of the cable 7890 switches to the
innermost termination position 7986 at the second end 7982
of'the cable 7890. Similarly, the conductor 7989 in the inner-
most termination position 7985 at the first end 7981 of the
cable 7890 switches to the outermost termination position
7984 at the second end 7982 of the cable 7980. The twice
folded cable 7982 illustrated in FIG. 494 avoids the geometric
switch in innermost and outermost termination positions.

Angled two dimensional connectors may be formed using
diagonally folded cables. The cables may comprise any flat
shielded or unshielded cable. In some cases, the cables may
be the shielded cables discussed herein. An angled two
dimensional connector can be formed using cables that have
been individually diagonally folded and then stacked. As a
further example, an angled two dimensional connector can be
formed using cables that have been stacked when they are flat,
and then the stack of cables are folded diagonally together as
a group. For example, if the cables are diagonally folded,
portions of both the first side and the second side of each cable
are oriented toward portions of the first side and the second
side of an adjacent cable. The folded connectors can be com-
bined in any quantity to fabricate a connector with a desired
number of rows and columns. In some cases, each folded
cable may be disposed in a modular housing and the housings
may be stacked. This approach allows connectors of many
different sizes to be constructed from similar connector mod-
ules that are stacked to achieve the desired number of rows.

FIG. 50a depicts an angled two dimensional connector
8000 formed using folded cables. The cables may any type of
flat cable, including the shielded cables described herein. The
connector 8000a includes multiple individually or collec-
tively folded cables disposed in a unitary housing 8002. Each
cable makes electrical contact with first and second sets of
electrical terminations 8010, 8020. The housing 8002 retains
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each of the first sets of electrical terminations 8010 in a
planar, spaced apart configuration at the first end 8012 of the
housing 8002 and retains each of the second sets of electrical
terminations 8020 in a planar, spaced apart configuration at
the second end 8013 of the housing 8002. The first sets of
electrical terminations 8010 form a first two dimensional
array 8022 of electrical terminations at the first end 8012 of
the housing 8002. The second sets of electrical terminations
8020 form a second two dimensional array 8023 of electrical
terminations 8020 at the second end 8013 of the housing
8002. FIG. 505 shows an angled connector 800056 formed by
folded cables, wherein each cable is disposed in a separate
housing 8003 and multiple housings 8003 are stacked to form
the angled connector 8001.

FIGS. 50c and 504 illustrate stacked cables 8001 without
the housing. In FIG. 50c, the cables 8001 are folded before
they are stacked. In this configuration, the folded, stacked
cables 8001 may be disposed in a unitary housing as illus-
trated in FIG. 504, or one or more of the folded cables may be
disposed in a modular housing and then the housings are
stacked. As illustrated in 504, in some implementations, two
or more cables 8001 maybe stacked and then folded together.
Multiple cables folded together, e.g. all the cables 8001 in a
connector, may be disposed in housing. One or more shields
8004 may be disposed between the cables 8001.

Many different patterns of conductors and/or ground wires
can be used to make straight or angled connectors from
straight or folded cables, including the patterns illustrated in
FIGS. 424 to 42d. In some cases, cables having patterns that
differ from one another may be used in the same connector.
Alternatively, all the cables in a connector may have the same
pattern.

The planar configuration of the conductors and ground
wires disposed in the cables described herein facilitates align-
ment and mass termination to a linear array of contact points,
e.g., termination to boards with printed conductive traces. A
printed circuit board (PCB) may include electronic compo-
nents disposed on one or more planes of the PCB with con-
ductive traces that electrically connect the electronic compo-
nents to each other or to other features on the PCB. Paddle
cards are PCBs, often without electronic components, that are
used within certain connector types. Termination of the
cables to PCBs is further enhanced because the cables
described herein allow the drain wires to be physically sepa-
rated from the signal wires by a significant margin. Separa-
tion of the drain wires from the conductors of the cable allows
the conductors and the drain wires to be more easily termi-
nated in a mass termination process.

FIGS. 514 through 524 illustrate various approaches for
electrically connecting one or more cables to a PCB. The
cables may be any of the shielded cables described herein.
FIG. 51a illustrates the cable 8101 electrically connected to a
PCB 8102 at surface mount lands 8104 of the PCB 8102. The
connection process may involve removal of the cable shield
8106 and stripping the insulation 8107 from the conductors
8108. The electrical connection may be made between the
cable conductors 8108 and the PCB lands 8104 by soldering
or welding, for example. An optional overmold 8103 may be
used to protect the contact area from the environment and/or
to provide strain relief for the cable 8101.

One or more cables may be electrically connected to
through holes of a PCB. FIG. 515 illustrates a cable 8111
electrically connected to a PCB 8112 at through holes 8114 of
the PCB 8112. The electrical connection may be made
between the cable conductors 8118 and the through holes
8105 by soldering, welding, or press fit, for example. An
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optional overmold 8113 may be used to provide environmen-
tal protection and/or strain relief.

FIGS. 51¢ and 514 illustrate angled connectors 8120 and
8130, respectively. Connector 8120 in FIG. 51¢ includes a
single cable 8121 connected to through holes 8124 of a PCB
8122. The end of the cable 8121 and the PCB 8122 are
enclosed in a housing 8123. Mating terminations (not shown)
are disposed on the PCB 8122 at the mating end of the con-
nector 8120. Connector 8130 in FIG. 514 is similar to con-
nector 8120 except that connector 8130 includes multiple
cables 8121 connected to the through holds 8124 of the PCB.

One or more cables can be connected to the PCB through a
connector that is mounted on the PCB. FIGS. 52a through 524
illustrate various PCB, connector, and cable combinations.
FIG. 52aq illustrates the cable 8201 connected through an
insulation displacement connector 8202 to the PCB 8203.
The shield 8204 from the cable 8201, which may be any of the
cables described herein, may need to be removed before the
insulated conductors 8205 of the cable are pressed into the
insulation displacement terminations 8206.

FIGS. 525 and 52c¢ illustrate the cable 8211 connected to a
PCB 8212 through a zero insertion force connector 8213. In
FIG. 525, the shield 8214 and insulation 8215 are removed
from the conductors 8216 of the cable 8211 and the bare
conductors 8216 are inserted into the zero insertion force
connector 8213 which is mounted on the PCB 8212. An
overmold 8217, housing or frame, disposed at the connector
end of the cable 8211, can be used and may be configured to
align the conductors and/or seat the cable 8211 with the
connector 8213. In FIG. 52¢, the bare conductors 8216 of the
cable 8211 are first connected to a flexible or rigid circuit
board 8218, e.g., by surface mount lands, through holes, or
other types of terminations. The flexible or rigid circuit board
8218 also includes terminations on the opposing side of the
board 8218 which make contact with the terminations of the
zero insertion force connector 8213 when the board 8218 is
inserted into the connector §213.

In FIG. 52d, the conductors 8216, after removal of the
shield 8214 and insulation 8215, are used as electrical termi-
nations which make electrical contact with the terminations
8219 of a mating connector 8213. The material of the con-
ductors 8216 can be chosen to provide reliable contact with
repeated mating cycles and/or greater hardness to allow the
conductors 8216 to act as spring contacts. Examples of mate-
rials for this configuration are beryllium copper and/or phos
bronze materials. The conductors 8216 may be plated with
gold, silver, tin and/or other materials and/or may be coined or
stamped flat to make a flat mating surface or may be shaped to
other shapes. An overmold 8217, housing or frame, disposed
at the connector end of the cable 8211, can be used and may
be configured to align the conductors 8216 and/or seat the
cable 8211 with the connector 8213

The shielded cables described herein facilitate the fabrica-
tion of smaller connectors due in part to the ability to closely
space terminations within connectors. Closely spaced termi-
nations are facilitated by several features of the cables
described in this disclosure. For example, the cables
described herein have fewer drain wires (rather than at least
one or two drain wires per pair as in standard discrete twinax).
Furthermore, the cables have pinched regions of electrical
shielding films which electrically isolate adjacent conductor
sets. The cables can use a smaller number of layer and/or
thinner layers. The configuration of the cables provides the
ability to mass strip and mass terminate the cable to a paddle
card, a PCB, or other linear termination array. Mass stripping
and/or termination for twinaxial cables is facilitated by main-
taining a minimum separation between drain wires and adja-
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cent conductor sets. For example, as illustrated in FIG. 53, for
twinaxial conductor sets a minimum separation, o,, between
the center to center spacing a drain wire 8306 and the closest
signal conductor 8304¢ in a conductor set 8303 may be
greater than 0.5 times the center to center spacing, O,
between the conductors, 8304a, 83045 of the set 8303, as
illustrated in FIG. 53. In one exemplary implementation,
0,>0.7 0,. For coax, the distance, A, between the edge of the
conductor wire to the edge of the drain wire may be greater
than 1 or may be greater than 1.4 or more than the distance, B,
between the edge and the shield, e.g., the inflection point of
the shield.

The cables described herein include shielding films that are
continuous across multiple conductor sets. Therefore, in
some implementations, each conductor set does not require
its own drain wire and fewer drain wires can be used for the
cable. For example, two drain wires, e.g., located on each
edge of the cable may be used, or only one drain wire for the
cable may be used. Fewer drain wires result in fewer termi-
nation pads on the paddle card (or other termination compo-
nent), and the space on the paddle card that would be used for
drain terminations can be used instead to increase the signal
conductor density. Furthermore, because fewer drain wires
are used, the width of the cables can be reduced.

FIGS. 54 through 63 illustrate various ways that cables can
be connected to paddle cards. Paddle cards are PCBs that are
used in some type of connectors. A paddle card may comprise
conductor traces that connect electrical terminations on one
edge of the paddle card to electrical terminations on another
edge of the paddle card. Paddle cards may or may not have
electronic components interconnected to each other and/or to
the electrical terminations. The examples presented in FIGS.
54 through 64 depict surface mount terminations, however,
other types of terminations, e.g., through hole or press fit
terminations, may be used, or a combination of termination
types may be used. The cables that are electrically connected
to the paddle card in assemblies FIGS. 54 through 63 may be
any of the cables discussed herein but are particularly useful
when used with the high density cables previously described.

Crosstalk (near and far-end) is an important consideration
for signal integrity in cable assemblies. Various approaches to
reduce crosstalk are presented herein with reference to FIGS.
54 through 63. One or more of these approaches may be used
in a cable and PCB or paddle card combination to reduce
crosstalk.

For example, if the cable ends are not adequately shielded,
the crosstalk at the termination location between the cable
and the PCB can be significant. One approach is to maintain
the shield structure to contain any electromagnetic fields
within the conductor set as close to the termination point as
possible, as shown, for example, in FIG. 58.

Another strategy to reduce crosstalk is to group all the
“transmit” conductor pairs physically next to one another and
group the “receive” conductor pairs physically next to one
another. The transmit group and the receive group can be
segregated in the cable and the groups can be separated
through drain wires and/or other isolation structures if
needed. For example, additional crosstalk isolation may be
achieved by a larger spacing between the transit and receive
groups and/or intermittent breaks in the cable between the
groups. Another approach is to use two ribbon cables, one for
each signal type, but route them side-by-side, as illustrated,
for example, in FIG. 62, so that the single flexible plane of
ribbon is maintained.

Yet another approach to electrically isolate the transmit and
receive signals by terminating and routing these two signal
types physically as far apart from each other as possible on the



US 9,325,121 B2

89

PCB or paddle card. Another approach is to terminate and
route the transmit signals on one plane of the paddle card/
PCB and terminate and route the receive signals on a different
plane of the paddle card/PCB. Examples of routing transmit
and receive signals on different planes of the paddle card are
illustrated in FIGS. 57 through 63.

Yet another approach is to reducing crosstalk is to termi-
nate and route the transmit and receive signals as far apart as
possible on the paddle card/PCB as illustrated in FIGS. 60
through 63. Note that several of these approaches can be
combined for increased isolation. The shielded electrical
cables described herein, and particularly the high density
version of the shielded electrical cable may use these various
approaches to achieve smaller size smaller paddle cards and/
or a single plane of shielded cable.

FIGS. 54a and 54b illustrate side and top views, respec-
tively, of a cable and paddle card combination 8400 that
includes a paddle card 8402 having an increased number of
signal terminations 8410, e.g., terminations of twinaxial con-
ductor sets 8404, relative to the number of drain terminations
8411. In this embodiment, the cable 8401 includes eight twin
axial signal conductor sets 8404 and two drain wires 8406.
The conductors 8405 of eight signal conductor sets 8404 and
the two drain wires 8406 are terminated at a corresponding
eight sets of signal terminations 8410 and two drain termina-
tions 8411 disposed on the first plane 8403 of the paddle card
8402.

Conductive traces 8430 on the paddle card 8402 connect
signal and drain terminations 8410, 8411 on the cable side
8440 of the paddle card 8402 to a corresponding set of signal
and drain terminations 8420, 8421 on the opposite side 8441
of the paddle card 8402. In this example, the terminations
8410, 8411, 8420, 8421 and the conductive traces 8430 are all
disposed on the first plane 8403 of the paddle card 8402.
Terminating the cable conductors and drain wires on a single
plane of the paddle card can be used to form thinner connec-
tors when compared to terminating cables on both planes of
the paddle card.

FIGS. 55a and 55b illustrate side and top views, respec-
tively, of a cable and paddle card combination 8500 that
includes a paddle card 8502 having signal and drain termina-
tions 8510, 8511 disposed on a first plane 8503 of the paddle
card 8502 along the edge 8440 of the paddle card 8402 nearest
the cable 8501. Some of the corresponding terminations
8520, 8521 are disposed on the first plane 8503 of the paddle
card 8502 and some of the corresponding terminations 8520
are disposed on the second plane 8513 of the paddle card
8502. The conductive traces 8530 routed on the second plane
8513 of the paddle card 8502 are electrically connected to the
cable edge terminations 8510 through vias 8531.

FIGS. 56a and 565 illustrate side and top views, respec-
tively, of a cable and paddle card combination 8600 that
includes a paddle card 8602 having a width, w,, that is less
than the width, w_, of the cable 8601. The conductors 8610
and drain wires 8611 bend near the edge 8640 of the paddle
card 8602 to accommodate the narrower termination spacing
of the paddle card 8602.

FIGS. 57a and 5756 illustrate side and top views, respec-
tively, of a cable and paddle card combination 8700 that
includes signal terminations 8710a, 8720a and ground wire
terminations 8711, 8721 disposed on the first plane 8703 of
the paddle card 8702 and signal terminations 87105, 87205
disposed on the second plane 8713 of the paddle card 8702. A
first group of conductor sets 8704 that are electrically con-
nected to terminations 8710a, 87204 on the first plane 8703
alternate with conductor sets 87045 in a second group that are
electrically connected to terminations 871056, 87205 on the
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second plane 8713. The signal and ground wire terminations
87104, 8711 disposed on the first plane 8703 at the cable edge
8740 of the paddle card 8702 are routed through conductive
traces 8730a on the first plane 8703 to corresponding signal
terminations 8720q and ground wire terminations 8721 dis-
posed on the first plane 8703 at the opposing edge 8741. The
signal terminations 87105 disposed on the second plane 8713
at the cable edge 8740 of the paddle card 8702 are routed
through conductive traces 87305 on the second plane 8713 to
corresponding signal terminations 87206 disposed on the
second plane 8713 at the opposing edge 8741 of the paddle
card 8702. The configuration illustrated in FIGS. 574 and 575
provides increased electrical isolation between a first set of
signals, carried by the terminations 87104, 8720a and con-
ductive traces 8730a disposed on the first plane 8703 of the
paddle card 8702, and a second set of signals, carried by the
terminations 87105, 87205 and conductive traces 87305 dis-
posed on the second plane 8713 of the paddle card 8702.
Increased electrical isolation between these groups of signals
is also achieved by the lateral staggering of the conductor sets
8704a, 8704H near the cable edge 8740 of the paddle card
8702.

FIGS. 584 and 585 illustrate lateral staggering of conduc-
tor sets 8804a, 88045 near the cable edge 8840 of the paddle
card 8802. The cable shield 8850 includes splits 8899
between the conductor sets 88044, 88045 that allow the shield
8850 to extend beyond the point of separation 8751 of the
conductor sets 8704a, 87045 and nearer to the terminations
8710, 8711 on the paddle card 8702 for increased signal
isolation.

FIGS. 59a and 595 illustrate side and top views, respec-
tively, of a cable and paddle card combination 8900 have
laterally staggered conductors 8904a, 89045 within conduc-
tor sets 8904. Cable/paddle card combination 8900 includes
signal terminations 8910q and ground wire terminations 8711
disposed on the first plane 8903 of the paddle card 8902 at the
cable edge 8940 of the paddle card. Signal terminations
89105 are disposed on the second plane 8913 of the paddle
card 8902 at the cable edge 8940 of the paddle card 8902 One
conductor 8905a in each conductor set 8904 is electrically
connected to terminations 8910a on the first plane 8903.
Another conductor 89055 in each conductor set 8904 is elec-
trically connected to terminations 89105 on the second plane
8913. In some cases, The slits 8999 in the cable shield 8950
allow the shield 8950 to extend beyond the point of separation
8951 ofthe conductors 89054, 89055 near to the terminations
89104, 89105 on opposite sides of the paddle card 8902 for
increased signal isolation. Laterally staggering conductors
89054, 89055 within conductor sets 8904 is achievable using
the cables described in this disclosure due to the increased
flexibility of the cables. The spacing, V, between each con-
ductor set 8904 on the paddle card 8902 can be further
reduced if a narrower paddle card width is desired. The con-
ductive traces and corresponding terminals on the opposing
edge of the paddle card are not shown in this example.

FIGS. 604 and 605 are side and top views, respectively, of
a cable and paddle card combination 9000 that includes a
cable 9001 connected to two planes 9003, 9013 of a paddle
card 9002. Signal terminations 9010a, 9020a¢ and ground
wire terminations 9011a, 9021a are disposed on the first
plane 9003 in a first region 9002a of the paddle card 9002.
Signal terminations 90105, 90205 and ground terminations
90115, 90215 are disposed on the second plane 9013 in a
second region 90025 of the paddle card 9002.

A first group of conductor sets 9004q are electrically con-
nected to terminations 9010a, 90204 on the first plane 9003
and in the first region 9002a. A second group of conductor
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sets 90044 are electrically connected to terminations 90105,
90205 on the second plane 9013 and in the second region
90025. A slit 9099 in the cable shield 9050 allow the shield
9050 to extend beyond the point of separation 9051 of the
conductor sets 9004a, 90045 near to the terminations 90104,
90105 on opposite sides of the paddle card 9002 for increased
signal isolation. The signal and ground wire terminations
9010qa, 90114a disposed on the first plane 9003 at the cable
edge 9040 ofthe paddle card 9002 are routed in the first region
9002a through conductive traces 9030a on the first plane
9003 to corresponding signal terminations 9020« and ground
wire terminations 9021a disposed on the first plane 9003 at
the opposing edge 9041.

The signal terminations 90105 disposed on the second
plane 9013 at the cable edge 9040 of the paddle card 9002 are
routed in the second region 90025 through conductive traces
90305 on the second plane 9013 to corresponding signal
terminations 90205 disposed on the second plane 9013 at the
opposing edge 9041 of the paddle card 9002. The configura-
tion illustrated in FIGS. 60a and 605 increases the electrical
isolation between the first and second groups of signals by
placing the groups of signals separate regions 9002a, 90025
and on different planes 9003, 9013 of the paddle card 9002.
For example, in some implementations, the first group of
conductor sets 9004a may carry transmit signals and the
second group of conductor sets 90045 may carry receive
signals.

FIG. 61 shows a configuration that is similar in some
respects to the configuration of FIGS. 60a and 605, except
that the cable 9101 includes first and second drain wires
91064a, 91065 separating the conductor sets 9004a that are
terminated in the first region 9002a of the paddle card 9002
from the conductor sets 90045 that are terminated in the
second region 90025 of the paddle card 9002. The first drain
wire 91064 is electrically connected to a drain wire termina-
tion 9111a at the cable edge 9040 of the paddle card 9002 in
the first region 9002a and is routed by a conductor 91304 on
the first plane 9003 to the corresponding drain wire termina-
tion 9121a at the opposing edge 9041. The second drain wire
91065 is electrically connected to a drain wire termination
91115 at the cable edge 9040 of the paddle card 9002 in the
second region 90025 and is routed by a conductor 91305 on
the second plane 9013 to the corresponding drain wire termi-
nation 91215 at the opposing edge 9041.

FIG. 62 shows a configuration that is similar in some
respects to the configuration illustrated in FIG. 61 except that
two cables 9201a, 92015 are used instead of a single cable
9101 as in FIG. 61. For example, the first cable 9201a may
carry receive signals and the second cable 92015 may carry
transmit signals. This design offers significant crosstalk iso-
lation because the cables 9201a, 92015 are physically sepa-
rated, the termination points 90104, 90105, 90204, 90205 and
conductive traces 9030a, 90305 are separated by being ontwo
planes 9003, 9013 of the paddle card 9002, and the termina-
tion points 9010a, 90105, 90204, 90205 and conductive
traces 9030qa, 90305 are separated into two regions 9002a,
90025 on the paddle card 9002. An optional clip or tape 9290
may be used to physically couple the two cables 9201a,
92015.

FIGS. 63a and 635 illustrate side and top views, respec-
tively, of a cable and paddle card combination 9300 that
includes a cable 9301 connected to two planes 9303, 9313 of
a paddle card 9302. Signal terminations 9310a, 9320a and
ground wire terminations 9311a, 9321a are disposed on the
first plane 9303 of the paddle card 9302. The signal termina-
tions 9310a are disposed in a first region 93024 of the paddle
card 9302 at the cable edge 9340 of the paddle card 9302.
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Corresponding signal terminations 9320a on the opposing
edge 9341 of the paddle card 9302 are spaced out along the
opposing edge 9341 in both the first region and second
regions 9302a, 930254.

Signal terminations 93105 are disposed in a second region
93025 of the paddle card 9302 at the cable edge 9340 of the
paddle card 9302. Corresponding signal terminations 93205
on the opposing edge 9341 of the paddle card 9302 are spaced
out along the opposing edge 9341 in both the first region and
second regions 9302qa, 93025.

A first group of conductor sets 9304q are electrically con-
nected to terminations 9310qa on the first plane 9303 and in the
first region 93024. A second group of conductor sets 93045
are electrically connected to terminations 93105 on the sec-
ond plane 9313 and in the second region 93025. A slit 9399 in
the cable shield 9350 allows the shield 9350 to extend beyond
the point of separation 9351 of the conductor sets 9304a,
93045 near to the terminations 9310a, 93105 on opposite
sides of the paddle card 9302 for increased signal isolation.

The signal and ground wire terminations 9310a, 9311a
disposed on the first plane 9303 at the cable edge 9340 of the
paddle card 9302 are routed through conductive traces 9330a
on the first plane 9303 in the first region 9302a and the second
region 93025 to corresponding signal terminations 9320a and
ground wire terminations 9321a disposed on the first plane
9303 at the opposing edge b.

The signal and ground wire terminations 93105, 93115
disposed on the second plane 9313 at the cable edge 9340 of
the paddle card 9302 are routed through conductive traces
93305 on the second plane 9313 in the first and second
regions 93024, 93025 to corresponding signal and ground
wire terminations 93206, 93215 disposed on the second plane
9313 at the opposing edge 9341 of the paddle card 9302. In
some implementations, the first group of conductor sets
9304a may carry transmit signals and the second group of
conductor sets 93045 may carry receive signals to further
reduce crosstalk between transmit and receive signals.

Although FIGS. 54 through 63 and the associated discus-
sion involves paddle card terminations, these same
approaches can be used with terminations to PCBs having
electronic components disposed on the PCB and/or other
linear termination arrays. Any of the connectors, e.g., one or
two dimensional connectors, described herein may use simi-
lar approaches to reduce conductor size and/or reduce
crosstalk. For example, the connectors described herein
involve one or more planar, spaced apart rows of terminations
to connect to the cable. The paddle card terminations illus-
trated in FIGS. 54 through 63 also involve planar, spaced
apart terminations on the paddle card. Thus, similar stag-
gered, alternating, and/or segregated termination strategies
can be employed for any of the connectors described and any
of the cables described in this disclosure.

In the above described cable configurations, the shield is
not a wrapped structure but is arranged in two layers around
the insulated wires. This shield structure may eliminate the
resonance that afflicts helically wrapped constructions, and
may also exhibit bend behavior that is less stiff than a
wrapped construction and has superior retention of electrical
performance after a sharp bend. These properties are enabled
by, among other things, the use of a single ply thin shielding
film rather than an overlapped and an additional overwrapped
film. One advantage of this construction is that the cable can
be bent sharply to more effectively route the cable within a
constrained space such as within a server, router, or other
enclosed computer system.

In reference now to FIG. 64, a perspective view shows an
application of a shielded, high-speed, electrical ribbon cable
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31402 according to example embodiments. The cable 31402
may include any of the cables described herein. The ribbon
cable 31402 is used to carry signals within a chassis 31404 or
other object. In many situations, it is desirable to route the
cable 31402 along sides of the chassis 31404. For example,
such routing may allow cooling air to more freely flow within
the chassis 31404, case access for maintenance, allow tighter
spacing of components, improve appearance, etc. Accord-
ingly, the cable 31402 may need to make sharp bends, such as
corner bends 31406 and 31408, e.g., to conform to structural
features of the chassis 31404 and/or components contained
therein. These bends 31406, 31408 are shown as right angle
(90 degree) bends, although the cable may be bent at sharper
or broader angles in some applications.

In another application, an approximately 180 degree fold
31410 may be used to allow the cable 31402 to make a turn in
a substantially planar space. In such a case, the cable 31402 is
folded across a fold line that is at a particular angle relative to
alongitudinal edge of the cable. In the illustrated example, the
fold line is approximately 45 degrees relative to such an edge,
causing the cable 31402 to turn 90 degrees. Other fold angles
may be used to form other turning angles as needed. Gener-
ally, the cable 31402 can configured to turn at a given turn
angle in response to attaching proximate regions 31412,
31414 before and after the fold 31410 flat to a planar surface,
e.g., a side of the chassis 31404.

In order for cable 31402 to be shaped as shown, the inner
radii of bends 31406, 31408 and folds 31410 may need to be
relatively small. In FIGS. 65 and 66, a side view shows cable
31402 bent/folded according to example embodiments. In
FIG. 65, a 90 degree bend is shown, and in FIG. 66, a 180-
degree bend is shown. In both cases, an inner bend radius
31502 may be a limiting factor when determining how flex-
ible the cable is and how such bending may aftect perfor-
mance. The bend radius 31502 may be measured relative to a
centerline 31504, which is parallel to and offset from a fold
line 31506 on the cable 31402 (both lines 31504 and 31506
project orthogonally out of the page). For cables of construc-
tions described here with conductors of 24 AWG or less, the
inner radius 31502 may range from 5 mm to 1 mm (or lower
in some cases) without significant impact to electrical perfor-
mance (e.g., characteristic impedance, skew, attenuation loss,
insertion loss, etc.).

Table 1 below illustrates expected maximum variations of
some of these characteristics for production cables having
conductor diameters of 24 AWG or less. These characteristics
are measured for differential pairs of conductors. While the
cables may be capable of performance better than illustrated
in Table 1, these values may represent at least a conservative
baseline usable for a system designer for estimating perfor-
mance in production and/or deployment environments, and
may still represent a significant improvement over wrapped
twinax cables commonly used in similar environments.

TABLE 1

Variance of electrical characteristics for ribbon cable,
24 AWG or smaller, bend angle 180 degrees or less

Inner bend Local differential Insertion loss
radius impedance variance variance
5 mm 1 ohm 0.1dB
4 mm 2 ohms 0.2dB
3 mm 3 ohms 0.3dB
2 mm 4 ohms 04 dB
1 mm 5 ohms 0.5dB
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Generally, ribbon cables according to the embodiments
discussed herein may be more flexible than conventional
(e.g., wrapped) twinax cables designed for high speed data
transfer. This flexibility may be measured in a number of
ways, including defining a minimum bend radius 31502 for a
given conductor/wire diameter, definition of an amount of
force needed to deflect the cable, and/or impact on electrical
characteristics for a given set of bending parameters. These
and other characteristics will be discussed in greater detail
below.

In reference now to FIG. 67, a block diagram illustrates a
test setup 31700 for measuring force versus deflection of a
cable 31402 according to an example embodiment. In this
setup, the cable 31402 is initially laid flat across roller-type
supports 31702 as indicated by dashed lines. The supports
31702 prevent downward motion, but otherwise allow free
movement of the cable in a side-to-side direction. This may be
analogous to the constraint of a simply supported beam, e.g.,
a beam that has hinged connection at one end and roller
connection in other end, although in the case ofthe cable there
is no side-to-side restraint such as a hinge might provide.

The supports 31702 in this test setup include 2.0 inch
diameter cylinders separated by a constant distance 31704 of
5.0 inches between the top sides of the cylinders (e.g., 12
o’clock position when viewed from the side as seen in FIG.
37). A force 31706 is applied to the cable 31402 via a force
actuator 31710 ata point equidistant between supports 31704,
and deflection 31708 is measured. The force actuator 31710is
a 0.375 inch diameter cylinder, driven at a 5.0 inches per
minute crosshead speed.

Results of a first test using setup 31700 for cables accord-
ing to embodiments are shown in graph 31800 of FIG. 68.
Curve 1802 represents force-deflection results for a ribbon
cable (e.g., similar to configuration 102¢ in FIG. 2¢) with two
solid 30 AWG conductors, solid polyolefin insulation, and
two 32 AWG drain wires. The maximum force is approxi-
mately 0.025 1bf, and occurs at approximately 1.2 inches of
deflection. By way of a rough comparison, curve 31804 was
measured for a wrapped twinax cable having two 30 AWG
wires, and two 30 AWG drain wires. This curve has maximum
force of around 0.048 1bs at a deflection of 1.2 inches. All
things being equal, it would be expected that the twinax cable
would be slightly stiffer due to the thicker (30 AWG vs. 32
AWG) drain wires used, however this would not fully explain
the significant difference between curves 31802 and 31804.
Generally, it is expected that the application of the force of
0.03 Ibf on the cable represented by curve 31802 midpoint
between the supporting points causes the deflection in the
direction of the force of at least 1 inch. It should be apparent
that the cable represented by curve 1804 would deflect about
half that much.

In FIG. 69, a graph 31900 shows results of a subsequent
test of cables according to example embodiments using the
force deflection setup of FIG. 67. For each of four wire gauges
(24, 26, 30, and 32 AWG), four cables were tested, each
having two solid wire conductors of the respective gauges.
The cables included polypropylene insulation with shielding
on both sides, and no drain wires. The force was measured for
every 0.2 inches of deflection. Table 2 below summarizes the
results at the maximum force points 1902, 1904, 1906, 1908,
which correspond to the results for the sets of cables with
respective conductor gauge sizes of 24, 26, 30, and 32 AWG.
The fifth and sixth columns of Table 2 correspond to the
respective highest and lowest maximum forces of the four
cables tested within each gauge group.
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TABLE 2

Force-deflection results for shielded
ribbon cables with one conductor pair.

Deflection Average Standard Highest Lowest
Conductor at maximum deviation max max
gauge maximum force, F,, 0 of F e force force
(AWG) force (in.) (Ibf) (Ibf) (Ibf) (Ibf)
24 1.2 0.207 0.005 0214  0.202
26 1.2 0.111 0.003 0.114  0.108

30 14 0.0261 0.002 0.0284 0.0241

32 14 0.0140 0.0006  0.0149 0.0137

For the data in Table 2, it is possible to perform a linear
regression of the form y=mx+b on the logarithms of conduc-
tor diameters versus the logarithms of maximum deflection
force. The natural logarithms (In) of the forces in the third
column of Table 2 are plotted versus natural logarithms of the
respective diameters in graph 2000 of FIG. 70. The diameters
of 24, 26, 30, and 32 AWG wires are 0.0201, 0.0159, 0.010,
and 0.008, respectively. A least squares linear regression of
the curve in graph 2000 results in the following fit:
In(F,,,.)=2.96*In(dia)+10.0. By solving for F,, . and round-
ing to two significant figures, the following empirical result is
obtained:

F,,=M*dia3, where M=22,000 Ibf/in> 4]

Equation [4] predicts that a similar cable made using two
28 AWG conductors (diameter=0.0126) would bend at a
maximum force of 22,000%0.01263=0.044 1bf. Such a result
is reasonable in view of the results for other gauges shown in
FIG. 19. Further, Equation [4] may be modified to express the
individual maximum force (F,,, . s,ez) Tor each single insu-
lated conductor as follows:

F, =M*dia3, where M=11,000 Ibf/in®

max-single (5]

The individual forces calculated from [5] for each insulated
conductor (and drain wires or other non-insulated conduc-
tors) may be combined to obtain a collective maximum bend-
ing force for a give cable. For example, a combination of two
30 AWG and two 32 AWG wires would be expected to have a
maximum bending resistance force of 0.0261+0.014=0.0301
Ibf. This is higher than the 0.025 1bf value seen in curve 1802
of FIG. 18 for the tested cable that had a combination of 30
AWG insulated wires and 32 AWG drain wires. However,
such a difference may be expected. The drain wires in the
tested cable are not insulated, thereby making the tested cable
more flexible than the theoretical case. Generally, the results
of Equations [4] and [5] are expected to return a high-end
limit of bending forces, which would still be more flexible
than a conventional wrapped cable. By way of comparison,
using Equation [5] for four 30 AWG wires, the maximum
force would be 4*11,000%0.01=0.044 1bf, which is below
what is seen with the conventional wrapped cable test curve
31804 in FIG. 68. Ifthe drain wires in the wrapped cable were
insulated (which was not the case) the curve 31804 would be
expected exhibit an even higher maximum force.

A number of other factors could alter the results predicted
by Equations [4] and [ 5], including the type of wire insulation
(polyethylene and foamed insulation would likely be less
stiff, and fluoropolymer insulation more stiff), the type of
wire (stranded wires would be less stiff), etc. Nonetheless,
Equations [4] and [5] may provide a reasonable estimate of
maximum bending forces for a given cable assembly, and
present ribbon cable constructions exhibiting such properties
should be measurably more flexible than equivalent wrapped
constructions.

Also of interest in these cables is the minimum size of the
radius 31506 over which the cable 31402 may be bent/folded
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(see FIGS. 65 and 66) without significantly affecting electri-
cal characteristics of the cable (e.g., impedance, crosstalk).
These characteristics may be measured locally and/or over
the entire cable. In reference now to FIG. 71, a graph 32100
illustrates bending performance of a cable according to an
example embodiment. Graph 32100 represents characteristic
impedance measurements of a representative cable measured
using a time domain reflectometer (TDR) with a rise time of
35 ps. Area 32102 represents an envelope of differential
impedance readings for a 100-ohm, solid conductor, differ-
ential pair, 30 AWG ribbon cable with a construction similar
to that of cable construction 102¢ shown in FIG. 2¢. The
impedance of the cable was measured in an initial, unbent
state, and again when the cable was bent once at 180-degree
angle over a 1.0 mm bend radius. The bent-cable impedance
measurement was made again after the cable was bent ten
times over the same angle and radius. The time region 32104
indicated by the vertical dashed lines corresponds to a loca-
tion generally proximate to this bending.

The envelope 32102 represents an outline of the extremum
of the measured impedance curves under all of the above
described tests. This envelope 32102 includes an impedance
variance/discontinuity 32106 due to the bending. The vari-
ance 32106 is estimated to be approximately 0.5 ohms (peak
impedance 95.9 ohms versus nominal 96.4 ohms in an unbent
configuration at this location 32104). This variance was seen
after the first bend, but not after the tenth. In the latter case, no
significant deviation from the envelope 32102 was seen. By
way of comparison, a similar test, represented by envelope
32108, was performed on a conventional, helically-wrapped,
30 AWG, twinax cable. This measurement 32108 shows a
local impedance variance 32110 of approximately 1.6 ohms.
The variance 32110 not only is of greater magnitude than
variance 32106, but is wider in the time scale, thereby affect-
ing a larger region ofthe cable. This deviation 32110 was also
seen both in the first and tenth bend measurement of the
conventional cable.

A similar set of impedance measurements was made for
solid 26 AWG and 24 AWG 100 ohm cables of similar con-
struction to that of cable construction 102¢ shown in FI1G. 2¢,
except without drain wires 112¢. The 26 and 24 AWG cables
were bent 180 degrees over a 1.0 mm bend radius. The result-
ing average variance was 0.71 ohms for the 26 AWG cable
and 2.4 ohms for the 24 AWG cable. Further, the 24 AWG was
bent 180 degrees over a 2.0 mm radius, and the average
variance was 1.7 ohms. Therefore a cable of this construction
should exhibit a variance of characteristic impedance of no
more than 2 ohms (or 2% of 100 ohm nominal impedance)
proximate a 2.0 mm bend for conductor diameters of 24 AWG
or less. Further, a cable of this construction should exhibit a
variance of characteristic impedance of no more than 1 ohms
(or 2% of 100 ohm nominal impedance) proximate a 1.0 mm
bend for conductor diameters of 26 AWG or less.

Although the measurements shown in graph 32100 are
differential impedance measurements for cables with nomi-
nal 100 ohm characteristic impedance, the deviation/discon-
tinuity 32106 is expected to scale linearly for other cable
impedances and measurement techniques. For example, a 50
ohm single-ended impedance measurement (e.g., measuring
just one wire of a differential pair) would be expected to vary
no more than 2% (1 ohm) proximate the bending for conduc-
tor diameters of 24 AWG or less, and 1% (0.5 ohm) for
conductor diameters of 26 AWG or less. Similar scaling may
be seen with different nominal values, e.g., 75 ohm charac-
teristic differential impedance versus 100 ohms.

One possible reason for the improvement in impedance
characteristics 2102 of the representative ribbon cable com-
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pared to characteristics 32108 of the wrapped cable is
because of how the outer layers are formed on the wrapped
cable. Having a wrapped construction (e.g., individual layers
being overlapped, leading to more layers of covering) tends to
increase the stiffness of the wrap. This can pinch or “choke”
the cable in the local area of a bend more than a ribbon cable
with a single layer. Thus, all things being equal, a ribbon cable
can be bent more sharply than a conventional cable with less
effect on impedance. The effect of these impedance discon-
tinuities is cumulative in the same cable, and so the ribbon
cable can contain a greater number bends and still function
acceptably relative to a conventional wrapped cable. This
improved bend performance may be present whether the con-
ductor set is alone (discrete), or in a ribbon cable with other
conductor sets.

Among the benefits of a ribbon cable type construction are
reduced labor and cost associated with terminating the cable.
One connector of choice for high speed connections is a
printed circuit board (PCB) style “paddle-card” that connects
to stamped contacts on the one or both sides of the board. To
facilitate this type of termination, the ground planes of the
ribbon cable may be made easily strippable from the core and
the core can be made readily strippable from the wires.
Lasers, fixtures, and mechanical cutting can be employed to
make the process repeatable and fast.

Connection of the PCB to the cable ground planes can be
accomplished by any number of methods such as conductive
adhesives, conductive tapes, soldering, welding, ultrasound,
mechanical clamping, etc. Likewise, connection of the con-
ductors to the PCB can be accomplished using solder, weld-
ing, ultrasound, and other processes and is most efficiently
done all at once (gang bonding). In many of these configura-
tions, the PCB has wire connections on both sides, therefore
one or two such ribbon cables can be used (one for each side)
and can be stacked on top of one another in the cable.

In addition to the time savings that may be seen using
ribbon cable to paddle card termination, the magnitude and
length of any impedance discontinuities or skew may be
reduced at the termination site. One approach used in termi-
nating the cables is to limit the length of conductor at the
termination that is not impedance-controlled. This may
accomplished by presenting the wire to the connection in
roughly the same format as the connector, which may include
a linear array of traces with pads on a PCB. The pitch of the
cable may be able to be matched with the pitch of the PCB,
thereby eliminating unequal and long exposed wire lengths
needed when the cables do not have a matching pitch. Also,
since the pitch can be made to match the board pitch, a length
of'uncontrolled wire extending from the cable to the connec-
tor can be minimized.

Another benefit the cables described herein may exhibit
with regards to termination is that folded portions of such
cables can be encapsulated in connectors. This may readily
facilitate the formation of inexpensive angled connectors.
Various examples of connectors according to example
embodiments are shown in FIGS. 72-77. In FIG. 72, connec-
tor assembly 32200 terminates two layers of cable of previ-
ously described shielded ribbon cable configuration 31402.
Some or all conductors of cables 31402 are electrically
coupledto the paddle card at top and bottom termination areas
32204, 32206. The cables 31402 include bends at region
32208 that facilitate routing the cables 31402 at a right angle
relative to the paddle card. An overmold 32210 encompasses
at least the bend region 32208, and may encompass at least
part of the paddle card 32202 (e.g., near termination areas
32204, 32206).
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In FIG. 73, a connector assembly 32300 may include com-
ponents similar to 32200, except that a single shielded ribbon
cable 1402 is used. The assembly 32300 may include a simi-
lar overmold 32210, which in this example encompasses
bend region 32302 and termination area 32204. FIGS. 74 and
75 include connector assemblies 32400 and 32500 similar to
32300 and 31400, respectively, except that respective over-
molds 32402 encompass bend regions 32404, 32502 with
approximate 45 degree bends.

The connectors 32200, 32300, 32400, 32500 are all illus-
trated as terminating connectors, e.g., located at the end of a
cable assembly. In some situations, a connector may be
desired at a middle portion of the cable assembly, which may
include any non-terminal part of one or more cables 31402
that make of the assembly. Examples of middle portion con-
nectors 32600 and 32700 are shown in FIGS. 76 and 77. In
FIG. 76, a portion of respective cables 31402 may be broken
off from the ribbon, bent at bend area 32602 and terminated at
termination areas 32204, 32206. An overmold 32604 encom-
passes at least the bend area 32602, and also include an exit
region 32606 (e.g., strain relief) where unbent portions of
ribbon cables 31402 continue on. Cable 32700 is similar to
cable 32600, except that one of the ribbon cables 31402 is
bent at region 32702 and terminated entirely at area 32204.
The other of the cables 31402 is not bent or terminated, but
exits region 32606.

Those of ordinary skill in the art will appreciate that the
features shown in FIGS. 72-77 are provided for purposes of
illustration and not of limitation. It will be appreciated that
many variations may exist that combine various disclosed
features in FIGS. 72-77. For example, the bends in regions
32208, 32302, 32404, and 32502 may take on any angle and
bend radius described herein for cable 1402 and equivalents.
In another example, while the illustrated connectors 32200,
32300, 32400, 32500, 32600, and 32700 are all shown using
paddle cards 32206, other termination structures (e.g.,
crimped pins/sockets, insulation displacement connections,
solder cups, etc.) may be used for similar purposes without
departing from the inventive scope of these embodiments. In
yet another example, the connectors 32200, 32300, 32400,
32500, 32600, and 32700 may use alternate casings/covers
instead of overmolds, such as multi-piece, mechanically-at-
tached housings, shrink wrap structures, bonded/adhesive
attached coverings, etc.

The shielded cable configurations described herein provide
opportunities for simplified connections to the conductor sets
and/or drain/ground wires that promote signal integrity, sup-
port industry standard protocols, and/or allow mass termina-
tion of the conductor sets and drain wires. In the cover
regions, the conductor sets are substantially surrounded by
shielding films and the conductor sets are separated from one
another by the pinched regions. These circuit configurations
may provide intra-cable electrical isolation between the con-
ductor sets within the cable, provide extra-cable isolation
between the conductor sets of the cable and the external
environment, require fewer drain wires, and/or allow drain
wires to be spaced apart from the conductor sets, for example.

As previously illustrated and/or described, the shielding
films may include concentric regions, pinched regions and
transition regions that a gradual transition between the con-
centric regions and the pinched regions. The geometry and
uniformity of the concentric regions, pinched regions, and/or
transition regions impact the electrical characteristics of the
cable. It is desirable to reduce and/or control the impact
caused by non-uniformities in the geometry of these regions.
Maintaining a substantially uniform geometry (e.g., size,
shape, content, and radius of curvature) along the length of a
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cable can favorably influence the electrical characteristics of
the cable. With regard to the transition regions, it may be
desirable to reduce the size and/or to control the geometric
uniformity of these regions. For example, a reduction in the
influence of the transition regions can be achieved by reduc-
ing the size of the transition region and/or carefully control-
ling the configuration of the transition region along the length
of the shielded electrical cable. Reducing the size of the
transition region reduces the capacitance deviation and
reduces the required space between multiple conductor sets,
thereby reducing the conductor set pitch and/or increasing the
electrical isolation between conductor sets. Careful control of
the configuration of the transition region along the length of
the shielded electrical cable contributes to obtaining predict-
able electrical behavior and consistency, which provides for
high speed transmission lines so that electrical data can be
more reliably transmitted. Careful control of the configura-
tion of the transition region along the length of the shielded
electrical cable is a factor as the size of the transition portion
approaches a lower size limit.

Electrical characteristics of a cable determine the cable’s
suitability for high speed signal transmission. Electrical char-
acteristics of a cable include characteristic impedance, inser-
tion loss, crosstalk, skew, eye opening, and jitter, among other
characteristics. The electrical characteristics can depend on
the physical geometry of the cable, as previously discussed,
and can also depend on the material properties of the cable
components. Thus is it generally desirable to maintain sub-
stantially uniform physical geometry and/or material proper-
ties along the cable length. For example, the characteristic
impedance of an electrical cable depends on the physical
geometry and material properties of the cable. If a cable is
physically and materially uniform along its length, then the
characteristic impedance of the cable will also be uniform.
However, non-uniformities in the geometry and/or material
properties of the cable causes mismatches in the impedance at
the points of non-uniformity. The impedance mismatches can
cause reflections that attenuate the signal and increase the
insertion loss of the cable. Thus, maintaining some unifor-
mity in the physical geometry and material properties along
the cable length can improve the attenuation characteristics of
the cable. Some typical characteristic impedances for exem-
plary electrical cables described herein are 50 ohms, 75 ohms,
and 100 ohms, for example. In some cases, the physical
geometry and material properties of the cables described
herein may be controlled to produce variations in the charac-
teristic impedance of the cable of less than 5% or less than
10%.

Insertion loss of'a cable (or other component) characterizes
the total loss of signal power attributable to that component.
The term insertion loss is often used interchangeably with the
term attenuation. Attenuation is sometimes defined as all
losses caused by a component excluding the impedance mis-
match losses. Thus, for a perfectly matched circuit, insertion
loss is equal to attenuation. Insertion loss of a cable includes
reflection loss (loss due to mismatches in characteristic
impedance), coupling loss (loss due to crosstalk), conductor
loss (resistive loss in the signal conductors), dielectric loss
(loss in the dielectric material), radiation loss (loss due to
radiated energy), and resonance loss (loss due to resonance in
the cable). Insertion loss may be expressed in dB as:

P
Insertionloss(dB) = 10log,, P_T >
R
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where P is the signal power transmitted and PR is the signal
power received. Insertion loss is dependent on the signal
frequency.

For cables, or other components of variable length, inser-
tion loss may be expressed per unit length, e.g., as dB/meter.
FIGS. 78 and 79 are graphs of insertion loss vs. frequency for
shielded cables described herein over a frequency range of 0
to 20 GHz. The cables tested were 1 meter in length, with a
twinaxial sets of 30 AWG conductors, and 100 ohm charac-
teristic impedance. FIG. 78 is a graph of the insertion loss
(SDD12) of Cable 1 which has silver plated 30 AWG con-
ductors. FIG. 79 is a graph of the insertion loss (SDD12) of
Cable 2 which has tin plated 30 AWG conductors. As shown
in FIGS. 40 and 41, at a frequency of 5 GHz, Cable 2 (30
AWG tin plated conductors) has an insertion loss of less than
about -5 dB/m or even less than about —4 dB/m. At a fre-
quency of 5 GHz, Cable 1 (30 AWG silver plated conductors)
has an insertion loss of less than about -5 dB/m, or less than
about -4 dB, or even less than about =3 dB/m. Over the entire
frequency range of 0 to 20 GHz, Cable 2 (30 AWG tin plated
conductors) has an insertion loss less than about =30 dB/m, or
less than about —20 dB/m, or even less than about —15 dB/m.
Over the entire frequency range of 0 to 20 GHz, Cable 1 (30
AWG silver plated conductors) has an insertion loss of less
than about —20 dB/m, or even less than about —15 dB/m, or
even less than about -10 dB/m.

All other factors being constant, attenuation is inversely
proportional to conductor size. For the shielded cables
described in the disclosure, at a frequency of 5 GHz a cable
with tin plated signal conductors of a size no smaller than 24
AWG has an insertion loss of less than about -5 dB/m or even
less than about —4 dB/m. At a frequency of 5 GHz cable with
silver plated signal conductors of a size no smaller than 24
AWG has an insertion loss of less than about -5 dB/m, or less
than about -4 dB, or even less than about -3 dB/m. Over the
entire frequency range of 0 to 20 GHz, a cable with tin plated
signal conductors of a size no smaller than 24 AWG has an
insertion loss less than about =25 dB/m, or less than about —20
dB/m, or even less than about —15 dB/m. Over the entire
frequency range of 0 to 20 GHz, a cable with silver plated
signal conductors of a size no smaller than 24 AWG has an
insertion loss of less than about —20 dB/m, or even less than
about =15 dB/m, or even less than about —10 dB/m.

The cover portions and pinched portions help to electri-
cally isolate the conductor sets in the cable from each other
and/or to electrically isolate the conductor sets from the exter-
nal environment. The shielding films discussed herein can
provide the closest shield for the conductor sets, however
additional, auxiliary shielding disposed over these closest
shielding films may additionally be used to increase intra-
cable and/or extra-cable isolation.

In contrast to using one or more shielding films disposed on
one or more sides of the cable with cover portions and pinched
portions as described herein, some types of cables helically
wrap a conductive film around individual conductor sets as a
closest shield or as an auxiliary shield. In the case of twinaxial
cables used to carry differential signals, the path of the return
current is along opposite sides of the shield. The helical wrap
creates gaps in the shield resulting in discontinuities in the
current return path. The periodic discontinuities produce sig-
nal attenuation due to resonance of the conductor set. This
phenomenon is known as “signal suck-out” and can produce
significant signal attenuation that occurs at a particular fre-
quency range corresponding to the resonance frequency.

FIG. 80 illustrates a twinaxial cable 47200, (referred to
herein as Cable 3) that has a helically wrapped film 47208
around the conductor set 47205 as a closest shield. FIG. 81
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shows a cross section of a cable 47300, (referred to herein as
Cable 4) having a cable configuration previously described
herein including a twinaxial conductor set 47305 having 30
AWG conductors 47304, two 32 AWG drain wires 47306 and
two shielding films 47308 on opposite sides of the cable
47300. The shielding films 47308 include cover portions
47307 that substantially surround the conductor set 47305
and pinched portions 47309 on either side of the conductor set
47305. Cable 4 has silver plated conductors and polyolefin
insulation.

The graphs of FIG. 82 compare the insertion loss due to
resonance of Cable 3 with that of Cable 4 The insertion loss
due to resonance peaks in the insertion loss graph of Cable 3
at about 11 GHz. In contrast, there is no insertion loss due to
resonance observable in the insertion loss graph of Cable 4.
Note that in these graphs, attenuation due to the terminations
of the cable are also present.

The attenuation due to resonance of Cable 3 can be char-
acterizable by a ratio between a nominal signal attenuation,
N, and the signal attenuation due to resonance, Rg,,
wherein N, is a line connecting the peaks of the resonance
dip and R, is the attenuation at the valley of the resonance
dip. The ratio between N, and R, for Cable 3 at 11 GHz is
about —11 dB/-35 dB or about 0.3. In contrast, Cable 4 has
N, /R, values of about 1 (which corresponds to zero attenu-
ation due to resonance) or at least greater than about 0.5.

The insertion loss of cables having the cross sectional
geometry of Cable 4 were tested at three different lengths, 1
meter (Cable 5), 1.5 meters (Cable 6), and 2 meters (Cable 7)
The insertion loss graphs for these cables is shown in FIG. 83.
No resonance is observed for the frequency range of 0 to 20
GHz. (Note the slight dip near 20 GHz is associated with the
termination and is not a resonance loss.)

As illustrated in FIG. 84, instead of using a helically
wrapped shield, some types of cables 47600 include a longi-
tudinally folded a sheet or film of conductive material 47608
around the conductor sets 47605 to form the closest shield.
The ends 47602 of the longitudinally folded shield film 47606
may be overlapped and/or the ends of the shield film may be
sealed with a seam. Cables having longitudinally folded clos-
est shields may be overwrapped with one or more auxiliary
shields 47609 prevent the overlapped edges and/or the seam
from separating when the cable is bent. The longitudinal
folding may mitigate the signal attenuation due to resonance
by avoiding the periodicity of the shield gaps caused by
helically wrapping the shield, however the overwrapping to
prevent shield separation increases the shield stiffness.

Cables with cover portions that substantially surround the
conductor sets and pinched portions located on each side of
the conductor set as described herein do not rely on a helically
wrapped closest shield to electrically isolate the conductor
sets and do not rely on a closest shield that is longitudinally
folded around the conductor sets to electrically isolate the
conductors sets. Helically wrapped and/or longitudinally
folded shields may or may not be employed as auxiliary
shields external to the cables described.

Cross talk is caused by the unwanted influence of magnetic
fields generated by nearby electrical signals. Crosstalk (near
and far-end) is a consideration for signal integrity in cable
assemblies. Near end cross talk is measured at the transmit-
ting end of the cable. Far end cross talk is measured at the
receiving end of the cable. Crosstalk is noise that arises in a
victim signal from unwanted coupling from an aggressor
signal. Close spacing between the signal lines in the cable
and/or in the termination area can be susceptible to crosstalk.
The cables and connectors described herein approaches to
reduce crosstalk. For example, crosstalk in the cable can be
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reduced if the concentric portions, transition portions, and/or
pinched portions of the shielding films in combination form
as complete a shield surrounding the conductor sets as pos-
sible and/or by using low impedance or direct electrical con-
tact between the shields. For example, the shields may be in
direct contact, in connected through drain wires, and/or con-
nected through a conductive adhesive, for example. At elec-
trical contact sites between the conductors of the cable and the
terminations of a connector, crosstalk can be reduced by
increasing the separation between the contact points, thus
reducing the inductive and capacitive coupling. FIG. 22 illus-
trates the far end

FIG. 22 illustrates the far end crosstalk (FEXT) isolation
between two adjacent conductor sets of a conventional elec-
trical cable wherein the conductor sets are completely iso-
lated, i.e., have no common ground (Sample 1), and between
two adjacent conductor sets of shielded electrical cable 2202
illustrated in FIG. 15¢ wherein shielding films 2208 are
spaced apart by about 0.025 mm (Sample 2), both having a
cable length of about 3 m. The test method for creating this
data is well known in the art.

Propagation delay and skew are additional electrical char-
acteristics of electrical cables. Propagation delay depends on
the velocity factor of the cable and is the amount of time that
it takes for a signal to travel from one end of the cable to the
opposite end of the cable. The propagation delay of the cable
may be an important consideration in system timing analysis.

The difference in propagation delay between two or more
conductors in a cable is referred to as skew. Low skew is
generally desirable between conductors of a cable used in
single ended circuit arrangements and between conductors
used as a differential pair. Skew between multiple conductors
of'a cable used in single ended circuit arrangements can affect
overall system timing. Skew between two conductors used in
a differential pair circuit arrangement is also a consideration.
For example, conductors of a differential pair that have dif-
ferent lengths (or different velocity factors) can result in skew
between the signals of the differential pairs. Differential pair
skew may increase insertion loss, impedance mismatch, and/
or crosstalk, and/or can result in a higher bit error rate and
jitter. Skew produces conversion of the differential signal to a
common mode signal that can be reflected back to the source,
reduces the transmitted signal strength, creates electromag-
netic radiation, and can dramatically increase the bit error
rate, in particular jitter. Ideally, a pair of transmission lines
will have no skew, but, depending on the intended application,
adifferential S-parameter SCD21 or SCD12 value (represent-
ing the differential-to common mode conversion from one
end of the transmission line to the other) of less than -25 to
-30dB up to a frequency of interest, such as, e.g., 6 GHz, may
be acceptable.

Skew of a cable can be expressed as a difference in propa-
gation delay per meter for the conductors in a cable per unit
length. Intrapair skew is the skew within a twinaxial pair and
interpair skew is the skew between two pairs. There is also
skew for two single coax or other even unshielded wires.
Shielded electrical cables described herein may achieve skew
values of less than about 20 picoseconds/meter (psec/m) or
less than about 10 psec/m at data rates up to about 10 Gbps.

Electrical specifications for 4 cable types tested are pro-
vided in Table 1. Two of the tested cables, Snl, Sn2, include
sidebands, e.g., low frequency signal cables. Two of the
cables tested, Sn2, Ag2 did not include sidebands.
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TABLE 1

Insertion loss and skew for four types of shielded electrical cable

Insertion loss Skew
Cable  Configuration (@ 5 GHz) (intrapair)
Snl 4 signal pairs, 2 outside grounds, -4 dB/m <10 ps/m
4 sidebands (picoseconds/
Sn plated, 30 AWG, Polyolefin meter)
dielectric
Agl 4 signal pairs, 2 outside grounds -3dB/m <10 ps/m
4 sidebands
Ag plated, 30 AWG, Polyolefin
dielectric
Sn2 4 signal pairs, 2 outside grounds -4 dB/m <10 ps/m
No sideband
Ag plated, 30 AWG, Polyolefin
dielectric
Agl 4 signal pairs, 2 outside grounds -3dB/m <10 ps/m
4 sidebands
Ag plated, 30 AWG, Polyolefin
dielectric

Jitter is a complex characteristic that involves skews,
reflections, pattern dependent interference, propagation
delays, and coupled noise that reduce signal quality. Some
standards have defined jitter as the time deviation between a
controlled signal edge from its nominal value. In digital sig-
nals, jitter may be considered as the portion of a signal when
switching from one logic state to another logic state that the
digital state is indeterminate. The eye pattern is a useful tool
for measuring overall signal quality because it includes the
effects of systemic and random distortions. The eye pattern
can be used to measure jitter at the differential voltage zero
crossing during the logic state transition. Typically, jitter
measurements are given in units of time or as a percentage of
a unit interval. The “openness” of the eye reflects the level of
attenuation, jitter, noise, and crosstalk present in the signal.

As previously discussed helically wrapped shields, longi-
tudinally folded shields, and/or overwrapped shields can
undesirably increase cable stiffness. Some of the cable con-
figurations described herein, such as the cable configuration
shown in FIG. 43 can provide similar or better insertion loss
characteristics to cables having helically wrapped, longitudi-
nally folded and/or overwrapped shields but also provide
reduced stiffness.

The embodiments discussed in this disclosure have been
illustrated and described herein for purposes of description of
the preferred embodiment, it will be appreciated by those of
ordinary skill in the art that a wide variety of alternate and/or
equivalent implementations calculated to achieve the same
purposes may be substituted for the specific embodiments
shown and described without departing from the scope of the
present invention. Those with skill in the mechanical, electro-
mechanical, and electrical arts will readily appreciate that the
present invention may be implemented in a very wide variety
of embodiments. This application is intended to cover any
adaptations or variations of the preferred embodiments dis-
cussed herein. Therefore, it is manifestly intended that this
invention be limited only by the claims and the equivalents
thereof.

The following items are exemplary embodiments of a
shielded electrical cable according to aspects of the present
invention.

Item 1 is a shielded electrical cable, comprising: a plurality
of conductor sets extending along a length of the cable and
being spaced apart from each other along a width of the cable,
each conductor set including one or more insulated conduc-
tors; first and second shielding films disposed on opposite
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sides of the cable, the first and second films including cover
portions and pinched portions arranged such that, in trans-
verse cross section, the cover portions of the first and second
films in combination substantially surround each conductor
set, and the pinched portions of the first and second films in
combination form pinched portions of the cable on each side
of each conductor set; and a first adhesive layer bonding the
first shielding film to the second shielding film in the pinched
portions of the cable; wherein: the plurality of conductor sets
comprises a first conductor set that comprises neighboring
first and second insulated conductors and has corresponding
first cover portions of the first and second shielding films and
corresponding first pinched portions of the first and second
shielding films forming a first pinched region of the cable on
one side of the first conductor set; a maximum separation
between the first cover portions of the first and second shield-
ing films is D; a minimum separation between the first
pinched portions of the first and second shielding films is d,;
d,/Dis less than 0.25; a minimum separation between the first
cover portions of the first and second shielding films in a
region between the first and second insulated conductors is
d,; and d,/D is greater than 0.33.

Item 2 is the cable of item 1, wherein d,/D is less than 0.1.

Item 3 is a shielded electrical cable, comprising: a plurality
of conductor sets extending along a length of the cable and
being spaced apart from each other along a width of the cable,
each conductor set including one or more insulated conduc-
tors; first and second shielding films disposed on opposite
sides of the cable, the first and second films including cover
portions and pinched portions arranged such that, in trans-
verse cross section, the cover portions of the first and second
films in combination substantially surround each conductor
set, and the pinched portions of the first and second films in
combination form pinched portions of the cable on each side
of each conductor set; and a first adhesive layer bonding the
first shielding film to the second shielding film in the pinched
portions of the cable; wherein: the plurality of conductor sets
comprises a first conductor set that comprises neighboring
first and second insulated conductors and has corresponding
first cover portions of the first and second shielding films and
corresponding first pinched portions of the first and second
shielding films forming a first pinched cable portion on one
side of the first conductor set; a maximum separation between
the first cover portions of the first and second shielding films
is D; a minimum separation between the first pinched por-
tions of the first and second shielding films is d;; d,/D is less
than 0.25; and a high frequency electrical isolation of the first
insulated conductor relative to the second insulated conductor
is substantially less than a high frequency electrical isolation
of'the first conductor set relative to an adjacent conductor set.

Item 4 is the cable of item 3, wherein d,/D is less than 0.1.

Item 5 is the cable of item 3, wherein the high frequency
isolation of the first insulated conductor relative to the second
conductor is a first far end crosstalk C1 at a specified fre-
quency range of 3-15 GHz and a length of 1 meter, and the
high frequency isolation of the first conductor set relative to
the adjacent conductor set is a second far end crosstalk C2 at
the specified frequency, and wherein C2 is at least 10 dB
lower than C1.

Item 6 is the cable of item 3, wherein the cover portions of
the first and second shielding films in combination substan-
tially surround each conductor set by encompassing at least
70% of a periphery of each conductor set.

Item 7 is a shielded electrical cable, comprising: a plurality
of conductor sets extending along a length of the cable and
being spaced apart from each other along a width of the cable,
each conductor set including one or more insulated conduc-
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tors; first and second shielding films including concentric
portions, pinched portions, and transition portions arranged
such that, in transverse cross section, the concentric portions
are substantially concentric with one or more end conductors
of each conductor set, the pinched portions of the first and
second shielding films in combination form pinched portions
of the cable on two sides of the conductor set, and the transi-
tion portions provide gradual transitions between the concen-
tric portions and the pinched portions; wherein each shielding
film comprises a conductive layer; a first one of the transition
portions is proximate a first one of the one or more end
conductors and has a cross-sectional area A, defined as an
area between the conductive layers of the first and second
shielding films, the concentric portions, and a first one of the
pinched portions proximate the first end conductor, wherein
A, is less than a cross-sectional area of the first end conductor;
and each shielding film is characterizable in transverse cross
section by a radius of curvature that changes across the width
of'the cable, the radius of curvature for each of the shielding
films being at least 100 micrometers across the width of the
cable.

Item 8 is the cable of item 7, wherein the cross-sectional
area A, includes as one boundary a boundary of the first
pinched portion, the boundary defined by the position along
the first pinched portion at which a separation d between the
first and second shielding films is about 1.2 to about 1.5 times
aminimum separation d, between the first and second shield-
ing films at the first pinched portion.

Item 9 is the cable of item 8, wherein the cross-sectional
area A" includes as one boundary a line segment having a first
endpoint at an inflection point of the first shielding film.

Item 10 is the cable of item 8, wherein the line segment has
a second endpoint at an inflection point of the second shield-
ing film.

Ttem 11 is a shielded electrical cable, comprising: a plural-
ity of conductor sets extending along a length of the cable and
being spaced apart from each other along a width of the cable,
each conductor set including one or m ore insulated conduc-
tors; first and second shielding films including concentric
portions, pinched portions, and transition portions arranged
such that, in transverse cross section, the concentric portions
are substantially concentric with one or more end conductors
of each conductor set, the pinched portions of the first and
second shielding films in combination form pinched regions
of the cable on two sides of the conductor set, and the transi-
tion portions provide gradual transitions between the concen-
tric portions and the pinched portions; wherein one of the two
shielding films includes a first one of the concentric portions,
a first one of the pinched portions, and a first one of the
transition portions, the first transition portion connecting the
first concentric portion to the first pinched portion; the first
concentric portion has a radius of curvature R, and the tran-
sition portion has a radius of curvature r;; and R, /r, isin a
range from 2 to 15.

Item 12 is the cable of item 1, wherein a characteristic
impedance of the cable remains within 5-10% of a target
characteristic impedance over a cable length of 1 meter.

Item 13 is an electrical ribbon cable, comprising: at least
one conductor set comprising at least two elongated conduc-
tors extending from end-to-end of the cable, wherein each of
the conductors are encompassed along a length of the cable by
respective first dielectrics; a first and second film extending
from end-to-end of the cable and disposed on opposite sides
of the cable and, wherein the conductors are fixably coupled
to the first and second films such that a consistent spacing is
maintained between the first dielectrics of the conductors of
each conductor set along the length of the cable; and a second
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dielectric disposed within the spacing between the first
dielectrics of the wires of each conductor set.

Item 14 is a shielded electrical ribbon cable, comprising: a
plurality of conductor sets extending lengthwise along the
cable and being spaced apart from each other along a width of
the cable, and each conductor set including one or more
insulated conductors, the conductor sets including a first con-
ductor set adjacent a second conductor set; and a first and
second shielding film disposed on opposite sides of the cable,
the first and second films including cover portions and
pinched portions arranged such that, in transverse cross sec-
tion, the cover portions of the first and second films in com-
bination substantially surround each conductor set, and the
pinched portions of the first and second films in combination
form pinched portions of the cable on each side of each
conductor set; wherein, when the cable is laid flat, a first
insulated conductor of the first conductor set is nearest the
second conductor set, and a second insulated conductor ofthe
second conductor set is nearest the first conductor set, and the
first and second insulated conductors have a center-to-center
spacing S; and wherein the first insulated conductor has an
outer dimension D1 and the second insulated conductor has
an outer dimension D2; and wherein S/Dmin is in a range
from 1.7 to 2, where Dmin is the lesser of D1 and D2.

Item 15 is the cable of any of items 1 through 14 in com-
bination with a connector assembly, the connector assembly
comprising: a plurality of electrical terminations in electrical
contact with the conductor sets of the cable at a firstend of the
cable, the electrical terminations configured to make electri-
cal contact with corresponding mating electrical terminations
of'a mating connector; and at least one housing configured to
retain the plurality of electrical terminations in a planar,
spaced apart configuration.

Item 16 is the combination of item 15, wherein the plurality
of electrical terminations comprises prepared ends of the
conductors of the conductor sets.

Item 17 is the combination of item 15 further comprising:
multiple ones of the cable, wherein the plurality of electrical
terminations comprises a plurality of sets of electrical termi-
nations, each set of electrical terminations in electrical con-
tact with the conductor sets of a corresponding cable, and the
at least one housing comprises a plurality of housings, each
housing configured to retain a set of electrical terminations in
the planar, spaced apart configuration, wherein the plurality
ofhousings are disposed in a stack to form a two dimensional
array of the sets of electrical terminations.

Item 18 is the combination of item 15, further comprising
multiple ones of the cable, wherein the plurality of electrical
terminations comprises a plurality of sets of electrical termi-
nations, each set of electrical terminations in electrical con-
tact with the conductor sets of a corresponding cable, and the
at least one housing comprises one housing configured to
retain the plurality of sets of electrical terminations in a two
dimensional array.

Item 19 is the cable of any of items 1 through 14 in com-
bination with a connector assembly, the connector assembly
comprising: a first set of electrical terminations in electrical
contact with the conductors sets at a first end of the cable; a
second set of electrical terminations in electrical contact with
the conductor sets at a second end ofthe cable; and at least one
housing comprising: a first end configured to retain the first
set of electrical terminations in a planar, spaced apart con-
figuration; and a second end configured to retain the second
set of electrical terminations in a planar, spaced apart con-
figuration.

Item 20 is the combination of item 19, wherein the housing
forms an angle between the first end and the second end.
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Item 21 is the combination of item 19, further comprising
multiple ones of the cable, each cable electrically connected
to a corresponding first set of electrical terminations and a
corresponding second set of electrical terminations, wherein
the at least one housing comprises a plurality ofhousings, the
plurality of housings arranged in a stack that forms a first two
dimensional array that includes the first sets of electrical
terminations and a second two dimensional array that
includes the second sets of electrical terminations.

Item 22 is the combination of item 19, further comprising
multiple ones of the cable, each cable electrically connected
to a corresponding first set of electrical terminations and a
corresponding second set of electrical terminations, wherein
the housing comprises a unitary housing configured to retain
in a first two dimensional array each of the first sets of elec-
trical terminations at the first end of the housing and to retain
in a second two dimensional array each of the second sets of
electrical terminations at the second end of the housing.

Ttem 23 is the cable of any of items 1 through 14 in com-
bination with a substrate having conductive traces disposed
thereon, the conductive traces electrically connected to con-
nection sites, wherein conductor sets of the cable are electri-
cally connected to the substrate at the connection sites.

Item 24 is the combination of item 23, further comprising
multiple ones of the cable, the conductor sets of each cable
electrically connected to a corresponding set of connection
sites on the substrate.

Item 25 is the combination of item 23, wherein: the con-
ductor sets comprise one or more of coaxial conductor sets
and twinaxial conductor sets; and one or more drain wires are
in electrical contact with the shielding films, wherein the
cable includes fewer drain wires than conductor sets, and
wherein the drain wires are in electrical contact with drain
wire connection sites on the substrate.

Item 26 is the combination of item 23, wherein the cable
comprises at least one twinaxial conductor set and an adjacent
drain wire, and wherein a separation between the drain wire
and a nearest conductor of the conductor set is greater than
about 0.5 times a center to center distance between conduc-
tors of the conductor set.

Item 27 is the combination of claim 23, further comprising
second edge connection sites, wherein the connection sites
are first edge connection sites, and the conductive traces
electrically connect the first edge connection sites with cor-
responding second edge connection sites and a first set of first
edge connection sites and second edge connection sites are
disposed on a first plane of the substrate and a second set of
first edge connection sites and second edge connections sites
are disposed on a second plane of the substrate.

Item 28 is the combination of item 27, wherein the shield-
ing films include slits that allow the shield to continue past a
point of separation of the conductor sets near the first edge
connection sites.

Item 29 is the combination of item 23, further comprising
second edge connection sites, wherein the connection sites
are first edge connection sites and the conductive traces elec-
trically connect first edge connection sites with correspond-
ing second edge connection sites and a first set of first edge
connection sites, second edge connection sites, and conduc-
tive traces are physically separated on the substrate from a
second set of first edge connection sites, second edge connec-
tion sits, and conductive traces.

Item 30 is the combination of item 29, wherein the first set
of first edge connection sites, second edge connection sites,
and conductive traces are transmit signal connections and the
second set of first edge connection sites, second edge connec-
tion sites, and conductive traces are receive connections.

10

15

20

25

30

35

40

45

50

55

60

65

108

Item 31 is a connector assembly, comprising: multiple flat
cables arranged in a stack, each cable including a first end, a
second end, a first side, and a second side, and multiple
conductor sets extending from the first end to the second end;
first sets of electrical terminations, each first set of electrical
terminations in electrical contact with the multiple conductor
sets at a first end of a corresponding cable; second sets of
electrical terminations, each second set of electrical termina-
tions in electrical contact with the multiple conductor sets at
a second end of the corresponding cable; and one or more
conductive shields disposed between each cable and an adja-
cent cable; and a connector housing having a first end and a
second end, the housing configured to retain the first sets of
electrical terminations in a first two dimensional array at the
first end of the housing and to retain the second sets of elec-
trical terminations in a second two dimensional array at the
second end of the housing.

Item 32 is the connector assembly of item 31, wherein the
connector housing forms an angle from the first end to the
second end.

Item 33 is the connector assembly of item 32, wherein a
physical length of the cables in the stack does not vary sub-
stantially from cable to cable.

Item 34 is the connector assembly of item 31, wherein each
cable is diagonally folded and arranged in the housing so that
portions of the first side of each cable and portions of the
second side of each cable face portions of the first side of an
adjacent cable and portions of the second side of the adjacent
cable.

Item 35 is the connector assembly of item 31, wherein each
cable is folded so that the innermost and outermost termina-
tion positions do not reverse from the first end of the housing
to the second end of the housing.

Item 36 is the connector assembly of item 31, wherein the
multiple cables comprise any of the cables of items 1-14.

Item 37 is a connector assembly, comprising: multiple
cables arranged together in a folded stack of the multiple
cables, each cable having one or more conductor sets and a
transverse fold characterized by a radius of curvature,
wherein the radius of curvature of the folds of the cables
varies from cable to cable in the folded stack and an electrical
length of the conductor sets does not vary substantially from
cable to cable in the folded stack; first sets of electrical ter-
minals, each first set of electrical terminals in electrical con-
tact with first ends of the conductor sets of a corresponding
cable; and second sets of electrical terminals, each second set
of electrical terminals in electrical contact with second ends
of'the conductor sets of the corresponding cable; one or more
conductive shields disposed between adjacent cables in the
folded stack; and a housing configured to retain the first sets
ofelectrical terminals in a first two dimensional array at a first
end of the housing and to retain the second sets of electrical
terminals in a second two dimensional array at a second end
of the housing.

Item 38 is the connector assembly of item 37, wherein the
cables comprise any of the cables of items 1-14.

Although specific embodiments have been illustrated and
described herein for purposes of description of the preferred
embodiment, it will be appreciated by those of ordinary skill
in the art that a wide variety of alternate and/or equivalent
implementations calculated to achieve the same purposes
may be substituted for the specific embodiments shown and
described without departing from the scope of the present
invention. Those with skill in the mechanical, electro-me-
chanical, and electrical arts will readily appreciate that the
present invention may be implemented in a very wide variety
of embodiments. This application is intended to cover any
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adaptations or variations of the preferred embodiments dis-
cussed herein. Therefore, it is manifestly intended that this
invention be limited only by the claims and the equivalents
thereof.

What is claimed is:

1. A shielded electrical cable, comprising:

a plurality of differential pairs extending along a length of
the cable and being arranged generally in a plane along
a width of the cable, each differential pair including two
or more insulated conductors and being substantially
surrounded by a shield;

first and second non-conductive polymeric layers disposed
on opposite sides of the cable, the first and second layers
including cover portions and pinched portions arranged
such that, in transverse cross section, the cover portions
of the first and second layers in combination substan-
tially surround the plurality of differential pairs, and the
pinched portions of the first and second layers in com-
bination form pinched portions of the cable on each side
of' the plurality of differential pairs; and

an adhesive layer bonding the first non-conductive poly-
meric layer to the second non-conductive polymeric
layer in the pinched portions of the cable, wherein the
first and second non-conductive polymeric layers are
spaced apart within 0.05 mm of each other in the pinched
portions along the length of the cable;

wherein:

a maximum separation between the cover portions of the
first and second non-conductive polymeric layers is D;

aminimum separation between the pinched portions of the
first and second non-conductive polymeric layers is d,;

110

d,/D is less than 0.25; and

a high frequency electrical isolation of a first insulated
conductor of a first differential pair in the plurality of
differential pairs relative to a second insulated conductor

5 of the first differential pair is substantially less than a

high frequency electrical isolation of the first differential

pair relative to an adjacent second differential pair in the
plurality of differential pairs.

2. The cable of claim 1, wherein d,/D is less than 0.1.

10 3. The cable of claim 1, wherein the high frequency isola-
tion of the first insulated conductor relative to the second
insulated conductor is a first far end crosstalk C1 at a specified
frequency range of 3-15 GHz and a length of 1 meter, and the
high frequency isolation of the first differential pair relative to

15 the adjacent second differential pair is a second far end
crosstalk C2 at the specified frequency, and wherein C2 is at
least 10 dB lower than C1.

4. The cable of claim 1 in combination with a connector

assembly, the connector assembly comprising:

20 a first set of electrical terminations in electrical contact

with the differential pairs at a first end of the cable;

a second set of electrical terminations in electrical contact
with the differential pairs at a second end of the cable;
and

25 at least one housing comprising:

a first end configured to retain the first set of electrical
terminations in a planar, spaced apart configuration;
and

a second end configured to retain the second set of electrical

30 terminations in a planar, spaced apart configuration.
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